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search 
the best 
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techniqu 
tide, 


D. G. Malcolm 

Secon 

Since writing in the last issue of the & Monthly 
Journal and suggesting that we give | Juding 
serious thought to the development of | ‘Despit 
an adequate definition of the long- at the nar 
objectives and problem-solving area of tions 
the Industrial Engineering profession, { snginee 
several have written and asked to | greater 
a definition. So in the interests of start. native 
ing the ball rolling in such an intro tations 
spective direction, I'll offer fey 
thoughts that have managed to 
planted in my mind over the past few ne 
years. lenge t 
The Industrial Engineer is essentially haps tl 
a problem solver, the problem to be | satem: 
solved is generally one involving, in some neer is 
manner, the design of systems for people, \ eo be. 
machines and facilities which have been { eviden 
so organized together in the attempt to }reptan 


attain a defined objective. In general {The fc 
the system the engineer 
should enable adequate prediction of cost | trial J 
and performance and provide satisfac. | feld, 
tion to the several parties to the system. 


designed by ) represe 


ng sij 

The job of the Industrial Engineer is } plicati 

a dynamic one, for, the systems involved oA 
function in a climate of constant change th 
where the “defined objectives” con- od 
tinually reflect the striving for maximum {| 2 r% 
individual freedom so characteristic of in 
our American way of life. Thus, it might a 
be more appropriately written above that a 
the Industrial Engineer is engaged in 2 
the design of “dynamic systems-’ This 


will indicate more adequately the human 


factors involved in the Industrial Engi- 

neer’s work and indicates the need for { (t 

great flexibility in the systems designed. 

Our most successful managements of 
today are those that have correctly seen } This 
the payoff of an approach involving good | Wworde 
Industrial Engineering. It seems unlike- [| suffic 
ly to me that the Industrial Engineer f kinds 
will change or want to have changed his « that | 
functional staff relationship to such man- had s 
agement. What will change, and which artic] 

is of more real importance to us than 
definitions, will be the breadth of the ) ‘Staff 
problems entrusted to the engineer and Mar 
the types of techniques he will need to Num 
bring to bear in this job of design. Sine 
more 
(Continued on Page 6) ( = 
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(PERATIUNS HESEARCH— 


Widening the Horizon of Industrial Engineering? 


{ should like to set the stage for this 
discussion by citing a couple of quo- 


\= the most significant result of such 
} 


tations. 

first, a quotation from an article * 
appearing in Factory Management & 
Maintenance (1) “. 
garch is nothing but an extension of 
the best industrial engineering practice 
9 include more advanced mathematical 
chniques,” and later in the same ar- 
ide, “All in all, it’s really a sharper 
kind of industrial engineering.” 


operations re- 


Second, from an article in Scientific 
Monthly, I would quote the following con- 
duding remarks of Dean R. H. Roy (2 
‘Despite its history of controversy and 
the narrowness of its approach, organi- 
mations have profited from _ industrial 
engineering. It is fair to hope that even 
greater gains will come from the imagi- 


native and resourceful teams of oper- 
ations research.” 
Many other articles could have been 


quoted, however, the above will serve to 
introduce what can be taken as a chal- 
lenge to the Industrial Engineer.* Per- 
statements is how the industrial engi- 
neer is reacting to this challenge, if it 
so be. A whole gamut reactions is 
evidenced ranging from complete ac- 
reptance to complete denial or rejection. 
The following statements are at least 
representative of the reactions of Indus- 
to this relatively new 
field, born in the military and now mak- 


of 


trial Engineers 


ng significant strides in industrial ap- 
plications. 
A keen interest to study and cooperate with 
the field of operations research, assimilation 
of the name, absorption and adoption of the 


practical tools. 
Rejection of the 


techniques as not practicable 


n given situations. When the system needs 
these techniques they will and or would have 
been applied whether or not there was such 


a discipline as Operations Research. 


Dispute the validity of the statement (here 

there are two opposite views) 

(a) Industrial Engineering is already doing 
everything indicated as being Operations 
Research and therefore less 
“sharp.” 

(b) Industrial Engineering as a profession 
is nowhere near Operations Research in 
concept and therefore should not even 
be compared, 

This is not a complete or precisely 


worded list of the reactions, but it will 
suffice to give a general idea of the 
kinds of attitudes observed. I am certain 
that after each Industrial Engineer has 
had sufficient time to study various other 


articles in the literature (3, 4, 5) and 


Staff Member, the Operations Research Office, 
the Johns Hopkins University, 
Maryland. 

Numbers in parentheses 
the end of this article. 

Since the industrial engineer is a part of the 
more all-inclusive class, engineer, these remarks 
have some application to the profession of engi 
neering in general. 


Chevy Chase, 


refer to references at 


september, 1954 
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their bibliography (3), he will find him- 
self leaning to some combination of the 
above statements. The distribution of 
the responses of all engineers after such 
study may in essence define what oper- 
ations research is as far as engineering 
is concerned. Perhaps, and this is prob- 
ably a more important result of such 
study, Industrial Engineering may thus 
be provided with a yardstick for de- 
termining what it thinks it is. 


Defining a branch of science or a pro- 
fessional field is not an easy task (if 
possible)—a fact of which I am sure you 
are well aware if you have ever at- 
tempted to define Industrial Engineer- 
ing, or engineering, for that matter. If 
you are interested in definitions, I have 
included a section on that later on in 
the article. At this point, however, I 
think it is sufficient to say that our 
pragmatic society generally demands de- 
scriptive or operational definitions in 
order to understand and accept the ideas 
proffered. In that vein, let us take a 
look at a few of the techniques that 
have been used and are being further 
developed by operations researchers. 
Gaming 

Gaming * refers to the physical maniv- 
ulation of a model of a system which 
is not a complete mathematical one.° 
In general, gaming may be viewed as a 
complete paper trial of a proposed sys- 
tem for the purpose of discovering the 
effect of introducing change, ironing out 
bugs in a new system before making the 
change, and as a means for training 
people in the new system. One of the 
most important goals of operations re- 
search is this building of a conceptual 
model that includes all the pertinent 
known variables affecting the outcome. 


Gaming should definitely be used to 
test systems proposed by application of 
Programming techniques and queueing 
theory which will be discussed in subse- 
quent sections. Examples of gaming are 
to be found in both military and in in- 
dustry. 


The field army operates under a 
of procedures and guides which are 
ferred to as “doctrine.” The actual ef- 
fect of new weapons upon the overall 
system is impossible to quantify by pres- 
ent means. So a simulated paper oper- 
ation or “game” is played to determine 
the probable effect of the weapon in 
“use.” Playing of a sufficient number 


set 
re- 


' Not to be confused with the Theory of Games, 
which is a technique of applied mathematics 
for determining optimum strategies in situations 


where several people can influence the out- 
come by decisions made. 

sufficiently precise statements about 
probabilities can be made and a mathematical 


description of the system can be made, 
Carlo methods may be used. 


Monte 
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of games allows statements to be made 
regarding doctrinal changes that should 
be made in order to utilize the weapon 
most effectively. A theory regarding 
number of games to be played, etce., will 
gradually develop. 

The application of this approach has 
been made in many industries by engi- 
neers. An industrial example is to be 
found in the design of a railroad classi- 
fication yard (6) where a paper run of 
a drastically new concept in physical 
yard requirements and procedures was 
made, thus providing a test of the system 
before installation. However, gaming be- 
comes more necessary as more complex 
systems are developed. In fact, it has 
been estimated that at least one half the 
cost in developing a radically different 
new system should be spent in gaming. 
The training and selling aspects will be 
increasingly more important, and are es- 
sential to the smooth introduction and 
success of a new system. 


Programming 


Systems planning may be performed 
by techniques known as linear-program- 
ming, a field which itself is expanding 
in mathematical concept and content. 
Some of the leaders in the development 
of these techniques have suggested (7) 
that the name “activity analysis” is a 
more accurate title since it includes the 
newer non-linear programming and dy- 
namic programming. 

These methods were developed in the 
main in the field of economics in order 
to provide an efficient basis for substi- 
tution, or allocation of resources. Other 
programming techniques involve use of 
electronic computers, such as placing 
purchasing and inventory records on 
these electronic devices (8). 

In industrial application the objective 
of such analysis might be to maximize 
the profit or minimize the cost of a 
system that can be described mathe- 
matically and constrained by a series of 
linear inequalities. The technique is 
promising for use in production plan- 
ning, but will require considerable de- 
velopment and refinement before becom- 
ing an acceptable technique. Perhaps an 
oversimplified example will indicate the 
type of analysis involved. 

Suppose a bank of three machines per- 
forming Operation 1 in a sequence feeds 
a second bank of 5 machines which are 
performing Operation 2. Perhaps these 
have become located somewhat haphaz- 
ardly over a period of time. It is your 
job to set up a flow pattern that will 
minimize handling costs, and possibly 
later use the results to determine whether 
a relayout would provide an economic 
payoff. 


= 
of the | 
fession, ¢ 
| 
| 
| 
| | 
| 
— | 


suppose further that you have 
collected two arrays of facts by work 
sampling and time study techniques. 
Figure 1 gives the distribution of out- 
put by the bank of machine on Operation 
1 and Operation 2. Figure 2 indicates 
the time costs which we will assume are 


Let us 


directly proportional to the total ma- 
terial handling costs. The units are in 
minutes. 
Operation 2—-Mach. No. 

Operation — —_—_—_ | Totals 

1 l 2 
Machine X11/X12 

1 
Machine 5 

9 
Machine 7 

3 | 
Totals 


13 | 
Figure 1—Flow Matrix 


Operation 2—Mach. No. 


Operation 
1 1 2 3 4 5 

| 
Machine 8 7 6 7 8 


1 


10 9 8 1 6 
2 | 
10 


Machine 5 7 8 a) 


Machine | 

Figure 2—Cost Matrix 
Minutes per Flow Path 


Your problem is to fill in the squares 
in Figure 1 in such a way as to minimize 
the total time spent and of course, at the 
same time, being consistent with figures 
in the “totals” column. There are a lot 
of possibilities in arranging the flow 
from Operation 1 to Operation 2. Let’s 
see how the linear programming ana- 
lyzes this problem. 

As you will agree, our objective is to 
find a minimum solution to the follow- 
ing expression: 


8x31 + 7x12 + 6x13 + 7x14 + 8x15 
10x21 + + 8xv3 + 4xv4 4+ 6X25 4 
5X31 + 8x33 + 9x34 + 10xg5 


where the x’s refer to the various squares 
of Figure 1. 

This expression is subject to the fol- 
lowing constraints (which can re-ex- 
pressed in the form of linear inequali- 
ties): 


X21 T X22 T X23 T X24 1T X25 5 
X31 T X32 T X33 T X34 T X35 7 
X13 X23 X33 
X14 X24 + Xa 2 
Xis t+ Xe5 + Xa5 2 


This becomes a problem in 15 dimen- 
sional space containing 15 unknowns and 
with only 8 equations to work with. Thus 


a sort of trial and error method must 
be employed to arrive at the proper 
4 


of x which minimizes the ex- 
One method, known as the 
simplex method,® requires approximately 
(m + n 1) iterations in order to 
arrive at the minimum solution. In the 
example, 8 iterations, instead of 7 as in- 
dicated from substitution in (m + n — 1) 
were required. The solution to this prob- 
lem is shown in Figure 3. 


values 
pression. 


Mach. No. 
213 


Operation 2 


Operation 


1 Totals 
Machine 
1 
Machine 5 
2 
Machine 313 1 7 
Totals 13 
Figure 3—Minimum Time Solution 


Of course this example raises some 
serious questions regarding the practi- 
cality of the technique in a real situ- 
ation involving variability of the time 
values and homogeneity with respect to 
time. However, at present, these are 
problems of model building and, of 
course, can only be solved by further 
research. One of the advantages of 
someone in the organization thinking in 
such terms is that only by this means 
can a system be precisely described and 
analyzed. This does offer the possibility 
of a method for analyzing and compar- 


ing alternate proposals for material 
handling systems. It may shed light on 
some of the hidden material handling 


costs or savings in individual incentive 
plans. It will provide a means of mak- 
ing the basis for a cost analysis. 


Again, I want to stress the limitations 


in the above example. In some cases 
linear-programming will provide more 
than one solution and in other cases 
none. It is quite possible that the sys- 


tem may not be linear, that queues will 
form if the time estimates have varia- 
bility. If the output-input is out of bal- 
ance the problem is seriously compli- 
cated. A realistic evaluation of the data 
needed and available as well as qualified 
statistical help in setting up the pro- 
gramming are required before a success- 
ful application can be made. 


Queueing Theory 

The development of a queue, or wait- 
ing line, was mentioned above. Queueing 
theory -was developed as a tool for ana- 
lyzing the saturation of facilities such 
as ship repair facilities. It has been 
successfully used in analyzing the over- 
loading of airport facilities, the serving 


of customers in a restaurant and to a 
host of industrial problems. It has been 
used as a diagnostic tool to evaluate 


the proper banks (in-process inventory) 
in job lot operations and to the design 


from Reference ( 
Dantzig. 


‘This example adapted 
Chapter XXIII, by G. B. 
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of optimum conveyor and materia] hang | 
ling systems. It should also permit gj) 
sign of proper maintenance Procedure} time. 
In this respect, other techniques unde ditions | 
development are coming to be known al ‘dle wa 
Failure Theory and Maintenance Theory 

(11) 

Suppose in our previous example We 
had machines occasionally requiring, gdditior 
emergency maintenance. Incidentally | siderab! 
this is another limitation of that par. mon se 
ticular linear programming mode] Which pw ¢ 
can be resolved if we know the prob. ~~ : 
ability and duration of the occurrence tell you 
of the maintenance. Feller (9) derives , iy 
formula for predicting the probability of _ 
n machines being down and waiting = * 


average 
to be ap 


time, @! 
duction 
oqual te 


service when there are m machines an ele 
one repairman available. analy’ 
combin 

ess 

P,=(m)n », (Equati 

juation 1) Sampli 

where (m),=m(m—1) ... (m—n+44) amount 

| compu 


P,=probability that there are 485 in 
n machines waiting mainte. | Quet 


nance for ad 
Note 1 
A \ =servicing factor—this may 
equati 
Mm be thought of in this exam. ticular 
ple’ as the ratio of averag, Sor 
servicing time to the aver-| Lerives 
age time between break. 
which 
downs. 
Figure 4 indicates the solution whe p,—C 
(\/u)=.1, m=6. Examination of thif 
figure indicates that 77.5% of the time} 
may be expected that there will be nf C= 
machines awaiting service. In regard tt y—a 
the repairman-—he will spend this 77.5% ei 


in two categories—48.5°~ of the time he 
will be idle and 29% will spent in servie| From 
ing one machine (with no machine wait-, be der 


ing in line). 
z 4 
(NO. MACHINE IN 7 Figui 
s WAITING LINE A | 
perce 
! | 
2 oss | +, that 1 
z ow 
2 . 
servi 
dom 
4+} wher 
a sume 
< > 
regul 
norm 
that 
0 
0 1 2 3 4 
NO. MACHINES IN WAITING LINE i 

Figure 4—Probability of “n’’ machines 


awaiting service. 

Now our “common sense” might havel + 
told us that if we had our total servicing, ; 

time required for 6 machines equal & .;™ 

the breakdown interval, we would have| 


no trouble with queues forming. How, 3? 
ever, notice in this case that our to| y 
servicing time is equal to only 0.6 of the : 
breakdown interval and still we have 
probability of .225 that a machine wi - 
have to wait in line for servicing. Th | 
Fig 
*\ should actually be stated in probabil: 
‘Thi 
ties. (9) The 
Sept 
September, 19% 


ial hanj{ average length of this wait can be shown 
TMit de} to be approximately .33 times the service 
ocedures| time. This means that under these con- 
eS unde! ditions you can expect to have machines 
al idle waiting for service (22.5% of the 
: Theor ime, and that each machine out of pro- 
juction will be down a period of time 
squal to one-third of the service time in 
addition to the service time. This is con- 
siderably different from what our com- 
mon sense told us. 


mple 
requiring, 
identally | 
hat par. 
lel whieij 
he prob.| 
-Currence 
derives , 
ability of 
_ Waiting 
Ines and 


I'm certain any maintenance man will 
ell you that you can’t plan so fine that 
service time will be equal to arrival in- 
terval and that therefore you need ex- 
cess maintenance capacity. How much 
excess capacity do you need? Further 
analysis will permit you to minimize the 
embined cost of production losses and 
excess Maintenance capacity. Work 
Sampling studies should agree with the 
amount of the resultant idle man time 
| computed for Po which was found to be 
here are( 485 in the above example. 

z mainte. Queueing theory will serve as a basis 
for adequate design of incentive plans. 
Note that an appropriate mathematical 
equation must be set up for each par- 


ition 1) 


—n--1) 


this ma} 


nis 

Prep For an open-ended system, Morse has 
derived (5) an over-simplified equation 

n break. 


which describes the queueing problem: 


on whey P,=C" (1—C) (Equation 2) 
of thig P,=probability of n units waiting for 

1e time j service 

ill be C=—(x/a) servicing factor 

regard x—average service time 

us a=average arrival interval 

> time he 


in servie-| From this the expecting waiting time can 
ine wait. be derived as: 
(Equation 3) 
x 
E(t.) 
a—x 

Figure 5 shows a plot of the E(t«) in 
Note 
=.5, the 

| expected waiting time will equal x, the 
servicing time. The assumption of ran- 
dom arrival is involved in the above, 
4; whereas our common sense tends to as- 
sume that each unit arrives at precisely 
regular’ intervals. The real situation 
normally has some probability statement 
that should be included so that the true 


--—4— —_4 


percent of x various values of C. 
, that when the servicing factor C 


machines 


ght havel 
servicing; ; 
equal 
have} 
g. How, 
our totay 
).6 of the) 
e have : 
hine wi 2 4 1.0 
ing. Te) 
Figure 5—-Expected waiting time for 
various servicing factors. 


probabili 
‘This is offered for illustrative purposes only. 
The development by Feller is recommended. 
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solution will be somewhere in between 
our common sense and the above curve. 
Thus, the need for development of ade- 
quate mathematical statements (models) 
is essential. 

Applicationg and development of que- 
ueing models for a host of industrial 
engineering problems is quite possible. 
Plant layout, material and production 
control, balancing of production lines can 
be quantitatively analyzed. Inventory 
banks at individual machines, mainten- 
ance help required, can certainly be mini- 
mized when sufficient time is spent in de- 
veloping adequate models. Perhaps one 
of the most significant results of this 
theory is the insight it gives to the pro- 
duction process and the diagnostic value 
it possesses in analyzing and defining 
production bottlenecks. For example, in 
the maintenance problem it certainly 
offers convincing argument that certain 
idleness on the part of maintenance per- 
sonnel is necessary in order to minimize 
production down time. 

You will note that work measurement 
techniques will be required here, and 
that Work Sampling can be of real as- 
sistance. I believe that this is ample 
demonstration of the need to utilize cur- 
rent statistical tools in industry. This 
should indeed be a challenge to Indus- 
trial Engineering. 


Other Quantitative Tools 


The length of this paper precludes 
treatment of many other’ techniques 
which have been employed by operations 
research teams or are in the process 
of development. A listing of these is 
made for reference and items in the list 
of reference will provide greater details 
(3, 10, 11, 12, 13, 14 and 16). 

Organization Theory 

a. Information Theory—Data Hand- 
ling 

b. Feed-back Control 

c. Communication Theory 

Search Theory 

Failure Theory 

Game Theory 

Value Theory 
All of these bear serious study by the 
Industrial Engineer. 


Some Distinguished Characteristics 
an Operations Research Activity 


of 


The examples used in this paper no 
doubt have given a distorted impression 
or definition of Operations Research. 
There are many examples where teams 
including social scientists and psycholo- 
gists, have made excellent operational 
analyses (13, 14). At ORO, we have 
come to feel that operations research is 
characterized in the following manner: 

1. Use of the mixed team, or inter- 
disciplinary approach; 

2. Use of the Scientific method along 
with adequate time allowed for the 
research and experimentation need- 
ed; 

3. The overall or total 
proach. 

Thus it can be seen that Operations 


system ap- 
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Research is essentially nothing new ex- 
cept that perhaps the existence of these 
three conditions simultaneously is some- 
what unique organizationally in indus- 
try. It might be well to point out the 
impact of this uniqueness upon current 
organizational thinking. 

The concept of an introspective staff 
function solely concerned with the duty 
of describing, analyzing and criticizing 
the enterprise as a whole, and on a con- 
tinuous basis, may well become a most 
vital factor in the enterprise’s success. 
This is becoming particularly true in 
an increasingly dynamic and more com- 
petitive world. In the future even more 
than at present good predictive ability 
will become the difference between suc- 
cess and failure. The manner in which 
a company organizes to provide this 
function therefore becomes a matter de- 
serving considerable attention. 


Operations Research has the distinc- 
tion of being claimed by several other 
professional fields which all claim to be 
completely different. These include such 
fields as management consulting, indus- 
trial engineering, econometrics, systems 
engineering, mechanical engineering, 
general semantics, market research, ap- 
plied statistics, and even cybernetics. 
This leads us to the consideration of the 
research nature of Operations Research. 


When thought of as “research on op- 
erations,” opsearch may be looked at as 
cross-discipline research function 
which both applies and generalizes the 
formulated knowledge from _ various 
fields. Thus, it is quite natural that 
when this research function (OR) solves 
problems in any of the above profes- 
sional areas—it looks like it really is a 
part of that professional area and may 
well be. The only really unique profes- 
sional area that Operations Research 
can claim is the area of total system 
optimization, for it becomes apparent 
that all the other disciplines are mak- 
ing optimizations in only one phase. of 
the business. 

I am certain you can think of many 
instances where the Industrial Engineer- 
ing was right, the sales forecasting was 
right, etc., and yet the whole endeavor 
failed or foundered. This is the kind of 
problem where research on operations is 
required and where a professional oper- 
ations analyst may be efficient in de- 
fining and solving problems. 


What Can Industrial Engineering Do? 


I would suggest that Industrial Engi- 
neering avail itself of research on oper- 
ations (or organizational structure) in 
much the same manner as in physical 
research related to other engineering 
functions. I submit that research on 
how an individual business system oper- 
ates is equally as important as physical 
research on the products it makes. 

This is the challenge to Industrial 
Engineering—to see that it is provided 
with the latest in diagnostic and pre- 
dictive tools in order that optimum sys- 
tems may be designed—to see that edu- 
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cational curricula are designed commen- 


surate with the need for much greater 
emphasis on mathematical statistics, 
operational analysis, ethical systems, 


ete. (16)—to encourage individual engi- 
neers to continue in self-education and 
in personal growth, etc. 

It should be pointed out that 
forward looking engineering 
have recognized this challenge as is evi- 
denced by references 17, 18 and 19 and 
many others not mentioned. However, 
if engineering is to maintain its po- 
sition in the design of such human sys- 
tems, the challenge will have to be met 
by more widespread development in en- 
gineering curricula. In the final analy- 
sis it becomes the responsibility of indi- 
vidual engineers to encourage and stimu- 
late such growth and change in 
neering curricula. 


many 
schools 


engi- 


One of the biggest effects of the ad- 
vent of Operations Research on the in- 
dustrial is the new boost that is 
being given the Scientific Management 


scene 


cause. Perhaps some of the undue pro- 
motional efforts in the name of Oper- 
ations Research can be forgiven, since 
it has been historically true that new 


names for the scientific management 
movement are needed periodically in or- 
der to provide the catharsis necessary 
to progress. 


Definitions 


Earlier it was indicated that there 
were other ways of defining a field. 


Three such methods of definition are of- 
fered: 

1. Definition by Objectives—This gen- 
erally amounts to a philosophical defi- 
nition and quite often in effect states 
only the blueprint by which the 
of the field have controlled their activi- 
ties, and feel that the field 
striving towards. The practitioners in 
general will fall behind in their attempts 
to operate strictly in with 
the objectives. 


leaders 


should be 


accordance 


2. Definition by Description of Prac- 
tice—A field is defined by the literature 
offered under that name, by seminars, 
by problems being worked on under that 
name, and by people who permit the title 
to be used as a fitting description of 
their professional activity. This may be 
termed a casuistic, or experimental, type 
of definition and has been the 
used throughout the text of this 


method 
paper. 
3. Definition by Comparison—A field 
may be defined by comparing it with 
other fields, showing where it is differ- 
ent—where it is similar. This compari- 
son may involve use of the above other 
two definitions also. In general, a feel 
for the boundary conditions of the field 
is thus afforded. 

Earlier I stated that perhaps the 
unique professional field of Operations 
Research lay in the total optimization 
area. This is a goal rather than a real- 
ity, since quantitative models have not 
yet been made for total systems. There- 
for, this may well be an “objectives” 
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definition of Operations Research, for 
it is the belief of most engineers and 
scientists that order can be created out 
of chaos. To me, the following quotation 
of Korzybski sums up this frame of 
mind: (17) 
“The 
I doubt 
that will 
the scientific 


period of humanity’s manhood, will, 
not, be a scientific period—a _ period 
witness the gradual extension of 
method to all the interests of 
mankind a period in which man will dis- 
cover the essential nature of man and estab- 
lish, at length, the science and art of directing 
human energies and human capacities to the 
advancement of human wealth in accordance 
with the laws of human nature.” 

I believe that only through attention 
and effort toward such a goal will the 
dream of Korzybski become a reality. 
Those scientists currently only engaging 
in developing methodologies toward that 
end might well feel obliged at some fu- 
ture time to rename their field to some- 
thing like “the Applied Philosophy of 
Science.” 
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PRESIDENT’S MESSAGE 
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The implication of the last statemey 
is important. Operationally, the Indus 
trial Engineer is defined by what he dog. 
or can do for management. Therefo, 
the Industrial Engineer should recognjy, 
the kinds of problems he believes eyjc 
and which, when solved, will enhance hi 


Many 
company’s position internally or gy. time 
ternally. He should then set about ag. went i 
quiring the tools with which to do the +o Be 
job. He also has a responsibility jn Sug.! Bogeys 
gesting needed items in the training ay 1 “ 
education of Industrial Engineers to thy! 2. ” 


educational system. | 9 T 
What do you think of this definitions] 
Perhaps it has raised more questions| 
than it has answered, certainly a lot more} NO 
and should be said. At any rate} caused 
I've attempted to give the ball a litt! ture 0! 
push and hope to have stimulated a littl | technic 
action on your part, either in the writing | and va 
of your own definition, or—in a mor! riving 
“violent” method—by engaging in on 
cussions with your colleagues concerp.| concer 
ing an adequate definition. in Ins 


can 


Turning to another subject, AHE j| ™omey 


pleased to announce the chartering ¢| tales @ 


three new chapters since the convention tion la 
in Louisville. My congratulations to the under 
officers and members of the Ft. Wavne Plan. 
Indiana, the Central Indiana, and the To contri 
ledo, Ohio Chapters of AIIE. May ou cerns. 
associations be friendly and mutual] “Qu 
beneficial! Organization meetings have moral 


been held in several other cities and hb — 
the time this message is printed an 
reaches you we should have two or three - 
T yre 
more active groups with charters to ad eee 
to the present total of 36. cause 
Another item I should | bring to| oui 
Another item should like to bring t : 
U specti 
your attention is the fact that there} poy 
are three regional conferences in various} gover 
stages of planning. These are in addition sisten’ 
to what appears will be our finest na- teleph 
tional conference which will be held Ir tender 
Saint Louis next May 12, 13th and 14th) Jp 
Phese will certainly be “musts” on your Force 
calendar. techni 


In closing let me 


urge you to bring ing o 
problems of the profession to your local| sprea 
and national officers. The Executive} today 
Committee meets monthly in Columbus,| for t 


Ohio, and is happy to consider all prob-' the d 
lems of the membership. Copies of the! (Econ 


minutes of these meetings are sent to} factu 
all chapter presidents and national com-| unenl 
mittee chairmen. Let us know how we} deen 
can be of service in improving our pro-|. the p 
fession. | tion. 
the t 
to ar Inspection Operation, Proceeding the h 
Operations Research Seminar, Railway Sy: 
tems & Procedures Association, In 


1954 | pel.” 


Ik. O'Neill, R. R.. An Engineering Analysia ¢ porta 
Cargo Handling, Report 53-21, Department of word 
Engineering, University of California at} 
Los Anggeles. October 1953 page 


cation 


Industries, The Journal of Industria trenc 
Engineering, Vol. III, No November 1952 


20 Korzybski, A.. Manhood of 


19 Soelter, L. M. K., Engineering in the | Mz 


Humanity, Insti- | D 


tute of General Semantics, Lakeville, Com Qual 
necticut, 1951. | tion, 
E. } 
1952 
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Indus 
t he doe 
herefor, 


ecognix 
exis 
—_ his} Many millions of dollars of production 
: time are being wasted. They are being 
aia a spent in a fruitless endeavor to satisfy 
» do the} the Bogeys of Quality Control. These 
Sug.) Bogeys are: 
hing ani} 4, “Ideal” Statistical Quality Control 
'S to th} 9 “Ideal” Inspectors 
| 9 The Specialist. 
finition)| “IDEAL” STATISTICAL QUALITY 
juestions| CONTROL 
lot mor} No small amount of this waste is 
ny rate} caused by a misunderstanding of the na- 
a littl! ture of Statistical Quality Control. The 
d a little | technique of Quality Control is honest 
: Writing | and valid enough. It is a method of ar- 
a mor | riving at universal conclusions based 
in dis.) on a random sample of the population 
concerp.| concerned. It may easily be shown that 
in Inspection its proper use will save 
ATIF s| money and time. There are dozens of 


ering of| tales about “‘a $100,000 saving in inspec- 
nveutl ‘| tion labor during 2% years of operation 
meee th under the Statistical Quality Control 


Wars Plan.””! Some experts aver that it has 
| the To contributed to higher morale in some con- 
cerns. 

“Quality Control has built higher 

morale in the shop because the man 
| — ‘i! learns that the main interest of Quality 
ted i Control is in helping him to improve, not 
ov thal | in catching him in a mistake.”? With it 


May ou 


more can be learned about a mass-pro- 
duced product than by old-fashioned, ex- 
pensive, and inaccurate 100 percent in- 


S to ad 


bri t spection. 

at there) For some fifteen years after its dis- 

| Various) covery, the method was applied with con- 
addition sistent success to many problems in the 

field, and was gradually ex- 
I 


tended to other spheres. 
nd 14th} In World War Two, both the Armed 
on your Forces and Industry “discovered” this 
technique. Overnight, it became the darl- 
to bring ing of inspection departments. Its use 
yur local| spread with catastrophic violence, until 
xecutive| today, everyone who makes equipment 
/lumbus,| for the Armed Forces sometimes rues 
ill prob-' the day Dr. Shewart published his book! 
s of the} (Economic Control of Quality of Manu- 
sent to} factured Product, 1931.) In the hands of 
nal com-| unenlightened enthusiastics, its use has 
how we} veen misdirected. Now it is often one of 
our pro-|. the potent forces holding back produc- 
tion. Let me repeat, this is not a fault of 
the technique; it is its misapplication in 
oceeding, the hands of specialists. 
lway Sys 
February In their enthusiasm to spread the “gos- 
| pel,” these specialists overlooked an im- 
nalysis “| portant principle. They passed over the 
“te «| Word “Economic” on Dr. Shewhart’s title 
page. 
the Fabri Many a man warned against this 
inautrl trend. “The credit we attach to the Qual- 


” 


nber 1952 
ity, Inst | D. C. Peterson, A.M.A. Prod. Ser. No. 195 
ille, Con 


Quality Control-Organization and Administra- 
Hon, 1951, page 31. 

E. H. Robinson, Industrial Quality Control, May 
1952, page 63 


er, 1954 
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By R. L. Geiger 


Controller, American Aluminum Company 


ity Control program is attributable to the 
clear picture gained from Quality Con- 
trol, which shows the quality level of a 
product and measures the progress being 
made in its improvement.’? “Inspection 
then, does not add to the value of the 
product, since it performs no operation 
in it. Neither can inspection improve the 
quality of a product. Inspection, properly 
performed, will assure the customer of 
receiving products which meet the re- 
quired standards of quality.’’4 

Others ignored this advice. By failing 
to relate the technique to the over-rid- 
ing necessity of producing acceptable 
work—-and not necessarily perfect work 

—they caused a bottleneck in our pro- 
duction. 
“IDEAL” INSPECTORS 

Field inspectors are holding back per- 
fectly good parts. They are rejecting ma- 
terial according to tables and statistics 
without having knowledge either of end 
use or of economically feasible levels of 
quality. In fact, it is safe to say that 
many inspectors feel that they must re- 
ject material or else their own jobs are 
in jeopardy. C. W. Kennedy noted that 
“Some individuals will never be adept at 
product inspection, anymore than some 
of us would ever break 100 par at golf, 
paint a picture, or preach a sermon, no 
matter how conscientiously we _ tried. 
Other inspectors simply will not take the 
care or assume the responsibility their 
jobs entail.” 

In one experiment, inspectors were 
asked to pick out defective parts from a 
large batch of work. The pieces they 
passed were then secretly rerouted 
through the same inspectors. Almost the 
identical fraction was again rejected as 
bad—even though all had previously been 
accepted! 

Visual quality is an ill-defined quality 
at best. Many components are rejected 
beeause the particular shade of color used 
in painting does not analyze spectro- 
graphically correct, although to the un- 
aided eye there is no difference. Clear 
lacquer causes rejections for surface ap- 
pearance; a wrinkle finish would be just 
as good and would cover minute imper- 
fections. 

I need only mention one warehouse 
stocked with a million dollars worth of 
material rejected by the military. Its re- 
jection is for exceedingly minor visual 
defects that do not affect the working of 
the equipment whatsoever. The equip- 
ment is in daily commercial use. 

According to Carl Day, “We found as 

D. C. Peterson, op sit. 


4 Joseph Manuele, A.M.A. Prod. Ser. No. 185. 
“Quality Control—-What it is and What it Does,” 
1949. 

Cc. W. Kennedy, A.M.A. Prod. Ser. No. 173. 
‘Practical Applications of Quality Control Prin- 

ciples,” 1947, page 30. 
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Quality Bogeyman 


a part of this defect program that our 
specifications in many instances were 
well beyond inspectors abilities to re- 
produce their readings even with the best 
aids available, optical or mechanical. We 
have given our employees yardsticks, 
when we should have given them micro- 
scopes.”’6 

What seems most important to me is: 
does the part work, and will it last for 
a sufficiently long time? 

A common practice is to write ex- 
tremely close inspection specifications for 
field inspectors. The supervisor retains 
somewhat wider tolerances. In turn, he 
may be over-ruled by the design or engi- 
neering departments. Here the cynical 
design engineer tightens up the toler- 
ances because he “knows” the shop will 
not keep within the real tolerances unless 
he did so. Thus needless delay is encount- 
ered by the unwillingness of the designer 
to trust the shop. By a similar line of 
reasoning the sub-Contractor is caused 
needless delay by the unwillingness of 
the prime contractor to trust him. 

Safety of personnel is the prime con- 
sideration. This is especially true of air- 
craft components. But a long series of 
aircraft disasters is proof enough that 
insistance on outlandish quality nullifies 
the advantages that could be gained from 
proper control. 

What actually happens? Suppose the 
flow of accepted work has not kept up 
with demand, in that case “higher author- 
ity” sets aside their rigid requirements 
and accepts quantities of sub-standard 
material. These are released on a batch 
basis. 

Here lies a far greater danger to the 
safety of personnel than in having origi- 
nally allowed for commercially necessary 
deviations. To release sub-standard ma- 
terial only qualitative standards can be 
set. These vary from batch to batch. 
They depend on the individual judgments 
of different inspectors. Thus we introduce 
an extremely dangerous variable. 

A further effect of the large number 
of initial rejections is the enforced use 
of material longer than safety permits, 
because of inability to obtain spare parts 
from the manufacturer. He has enough 
to do to get production okayed, without 
worrying about spares. 

Until you have gone through such an 
analysis as J. M. Juran outlined, “You 
have no idea how foggy the present divi- 
sion of responsibility is to the people 
who are directly concerned with product 
quality.”’7 
* Carl A. Day, A.M.A. Mfg. Ser. No. 206, “Quality 


Control: Tool for the Manufacturing Executive,” 
page 20, 


‘Factory Management and Maintenance, Nov. 
1952, “Six Steps to Inspection Management,” 


page 114-117. 
(Continued on Page 25) 
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PERFORMANCE RATING USING THE SAM FILMS 


Associate Professor of Industrial Engineering, Syracuse University 


One of the most widely used sets of 
films for training in rating proficiency 
are the SAM films. These films represent 
a very laudable effort on the part of the 
Society for the Advancement of Manage- 
ment. However, there appears to be a 
basic error in the method proposed in the 
SAM Film Rating manual for obtaining 
ratings for use in individual companies. 
This paper is presented in an effort to 
demonstrate that an error does exist, and 
to present a better method. 

What is this error? It is the require- 
ment that one’s concept of normal pace 
be a function of the allowance used—in 
particular, that function which makes the 
standard time per piece completely in- 
dependent of the allowances used. Stated 
another way, this function makes the re- 
quired output per day for expected earn- 
ings independent of the allowances used. 
This means that if a company, through 
diligent effort, managed to reduce the 
allowance required for relaxation by in- 
troduction of air conditioning, as sug- 
gested by Dr. L. A. Bouha in the 1953 
SAM-ASME Time and Motion Study 
Clinic—or by reducing the allowances 
needed for minor delays through better 
management — it would find that the 
standard time per piece, or the expected 
output for incentive rate, would not in- 
crease This is because the concept of 
normal proposed in the booklet “How to 
Use Performance Rating Films” would 
require that the concept of normal be re- 
vised to just that extent that the expected 
savings from the changes is eliminated. 

Can this be true? It not only can, but 
is. This can be shown in either of two 
ways—either empirically, through the use 
of an example — or mathematically 
through the examination of the formulae 
which are used. Let us look at the empiri- 
cal approach first. 

Suppose that we are interested in de- 
termining the standard time for the oper- 
ation “pack gaskets” as found in SAM 
Rating Film No. 2. Suppose that we agree 
that the pace exhibited in Scene 1 is the 
same as that exhibited by an operator in 
our shop; and we wish to determine the 
standard time for the operation. 

According to the instructions in the 
booklet “How to Use Performance Rating 
Films” we find that we should: 

1. Determine the allowance for the operation, 


taking into account “such factors as Personal 
Needs, Relaxation, and Minor Delays.” 


2. Determine the “expected attainment.” This, 
“expressed in percentages, represents the 
amount above ‘normal’ which the average 
qualified operator, working at incentive pace, 
is expected to be able to achieve, The com- 
monly used figure of 1250, means the aver- 
age operator is expected to be capable of 
producing up to 25°; above the normal.” 
(Parenthetically, we might question the words 
“up to” and “to be capable of" in the Jast 
sentence. Does this mean 125°; is the max- 
imum he can achieve? That is what the words 
say, although the intent would appear to 
mean that the average of a large group 


By R. O. Swalm 


would achieve 25% and that there would be 
individual earnings above or below that 
figure). 

3. Enter the “Table of True Ratings” with 
these factors to determine the rating to be 
used. 


Let us apply these instructions to a 
specific example. Suppose that in your 
plant the allowance used is 20% and the 
expected attainment is 110%. From the 
table, we find the “true rating” to be 116. 
Since the actual time for this operation 
is 0.272 minutes, the normal time for the 
operation will be 0.272 x 1.16, or 0.316 
minutes; and the standard time will be 
0.316 x 1.20, or 0.378 minutes. 

Now let us assume that, through man- 
agement effort of the type described 
above, your allowances are reduced to 
10%. Now if you ask your time study 
men to rate the same film they should 
enter the Table of True Ratings with 
10% allowance and 110% expected at- 
tainment. In this case, they will find the 
“true rating” to be 138%. This will yield 
a normal time of 0.272 x 1.28, or 0.348 
minutes and a standard time of 0.382 
minutes—which is the essentially same 
value as that obtained at 20% allowance. 
In fact, if the allowance were to drop to 
zero the results would remain unchanged 
—in this case the operator would be 
rated at 139% and the normal and stand- 
ard times would both be 0.272 x 1.39 or 
0.378 minutes. 

We have thus demonstrated the 
proposition that, in at least one case, the 
concept of rating as set forth in the 
literature accompanying the SAM films 
yields a standard time that is independ- 
ent of the allowance factor. 

Can it be shown that this will be true 
in all cases? For the answer to this 
question we must turn to the mathe- 
matical approach. The formulae on which 
the values found in “How to Use Per- 
formance Rating Films” are based are 
those in the earlier SAM _ publication 
“Manual of Performance Rating.” In this 
we find, on page 14, that, for any scene 
shown in the rating films, that the rating 
factor is given by 

Incentive Time per cycle 
Expected Attainment in 
Allowance Factor 


l. Rating Factor 
Actual Cycle Time 


where the incentive time per cycle is de- 
fined as “The allowed time for average 
of qualified incentive workers.” 

In order to convert from an observed 
average time to a normal time we use the 
formula 

2. Actual Time per cycle x Rating Factor 

Normal! Time per cycle. 

And to convert this to standard time 

the formula 
Normal! Time per cycle x Allowance Factor 
Standard Time per cycle. 

Combining 2 and 3 and substituting the 
value of rating factor yielded in 1, we 
obtain 
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Actual Time per cyele 

Incentive Time per cycle 

Expected Attainment jp 

x Allowance Factor 
Standard Time, cycle- 
Allowance Factor x Actus 


Incentive Time per cycle y 
Expected Attainment in «| 


Obviously, this says that the standay| 
time per cycle is independent of the gi. 
lowance required—and therefore does no 
decrease when allowances decrease, no 
increase when allowances increase, 

Let us now look at the effect of this 
curious line of thinking on daily ear. 
ings. In an 8 hour day, we expect the 

480 
Allowance Factor = 
utes. During this time, he can produ 

480 min. 
Allowance Factor 


operator to work 


Standard Time per piece 

Expected Attainment in % 
pieces, if he works at incentive pag 
during the time he is working. Since 
will receive, in standard minutes, pay fo 
this number of pieces time the standar| 
time per piece, he will receive, in stand. 
ard minutes, 


Standard Minutes per day 
480 Minutes 

Allowance Factor 
—_—_—_—_—_———_x Std Time per piece 
Standard Time per Piece 
Expected Attainment in “% 
or, simplifying 
Standard Minutes per day 

480 Min. x Expected Attainment in % 


Allowance Factor 


This says that he can receive full in 
centive pay for the day only if the allov- 
ance factor is 1.00—or, in other words, ; 
he has no allowances. If he has any a! 
lowance time—and takes the time allowed 
—he cannot, by working at incentive pace 
the rest of the day, receive a full days 
incentive pay. The greater the allowance | 
the further his pay from full incenttt) 
rate. 

Stated another way, this says that a 
operator cannot receive full incentive pay 
for incentive work unless 

a. His allowance is zero. 

b. He works at faster than incentive 
pace while working. 

c. He works at incentive pace but takes 
none of the time off which the al: 
lowance factor purports, for pre 
sumably good reasons, to give him. 

Any of these alternatives lead inevit- 


ably to the conclusion that, either inten-| 


tionally or not, the philosophy demandeé 
by the use of the SAM manual can be 
stated as “Allowances are not necessary. 
But we are stuck with them. Let us, 
therefore, hide, in a series of fairly com: 
plex mathematical manipulations, 3 


(Continued on Page 19) 
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The Meaning Operations Research 


By Van Court Hare, Jr. 


Operations Research Group, Case Institute of Technology, Cleveland 6, Ohio 
(Delivered at the December 17, 1953, meeting of the East Tennessee Chapter of the American Institute of Industrial Engineers.) 


When the Chinese Communists entered 
the Korean war in November, 1950, they 
ysed tactics which were dismaying and 
apparently unpredictable to UN troops. 
An Operations Research Consultant, S. 
A. Marshall, military analyst of the DE- 
TROIT NEWS and Army reserve colonel, 
nailed down these tactics by interviewing 
scores of men they had been used against. 


From foxhole to foxhole he heard tales 
of strange oriental music the communists 
played before the erratic actions com- 
menced. According to rumor the music 
was a form of psychological warfare the 
communists had invented. But Marshall, 
skeptical until he checked for himself, 
asked the men he interviewed to whistle 
what they remembered of the pre-attack 
music. 

Through his methodical investigations, 
Marshall discovered the Chinese 
using strange bugle calls to transmit 
their tactical signals—in place of the 
radio they did not have. In cooperation 
with Army associates, Marshall compiled 
a tactical song book, which tabulated 
bugle calls and the tactic which usually 
followed, enabling our troops to predict 
what the enemy was up to. 


were 


In this case, survey techniques were 
used to collect data and qualitative cate- 
gories were formed in the instruction 
book as a solution to the problem. 

When Seabrook Farms, Inc., a frozen 
vegetable producer in New Jersey, ex- 
perienced excessive machine overloads at 
harvest time, a method was sought to im- 
prove the situation. C. W. Thornthwaite, 
an OR analyst, investigated the possibil- 
ity of staggering crops at planting time 


to eliminate the hectic rush of a con- 
centrated harvest. 
He tried to devise some method of 


numerically tabulating the growth rate 
of crops day-by-day, including some cor- 
rection for effects of weather extremes 
during the for example, 
grow from one point, then increase in 
size by nodes, or small steps like bam- 
b00, Which are easily counted. For two 
years, from January to summer harvest, 
Thornthwaite counted pea “growth units” 
each day and plotted them on a daily 
growth calendar. The maturity date for 
any planting date, he found, could be 
predicted from his calendar, and, if 
Weather extremes intervened, suitable 
corrections could be made in terms of pea 
growth units. Growth of other crops, 
such as corn and beans, was rated in 
terms of equivalent pea growth units. 
Finally, from this study of plant 
growth, described in rough “growth 
units,” the machine scheduling problem 


season. Peas, 
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was solved by efficient staggered plant- 
ing methods. 

C. C. Herrmann and John F. Magee of 
the A. D. Little Company in Boston re- 
cently investigated the sales program of 
a coffee distributing organization. The 
effects of promotional effort upon the size 
of dealer orders per month was the main 
point of interest in this study. 

From past sales records and experi- 
ments the OR investigators found that 
(for this particular company) well-known 
probability distributions described the 
way in which orders were placed. Using 
their mathematical equations as a guide, 
Herrmann and Magee were able to de- 
sign promotional experiments, describe 
the effect of promoting any fraction of 
the total dealer organization, and develop 
techniques for selecting the optimum set 
of dealers for promotion, if only part of 
the total group were pushed. 


Refined mathematical techniques and a 
formal mathematical “model” were of 
major use in this operations research 
problem. 

Persons who practice operations re- 
search—and this is a point worth making 
—have the habit of not restricting them- 
selves to one type of problem, one type 
of data collection, or one set of analytical 
techniques. They like to study what seems 
important in their organizations at a 
given time, to collect data which seems 
relevant, regardless of its attributes, and 
to use whatever analytical techniques 
seem applicable to that problem. A look 
at articles in the Journal of the Opera- 
tions Research Society of America will 
give you some idea of the diversity of 
present investigations. 

If Operations Research is really a 
scientific discipline, then, what ties all 
these problems and techniques together? 


OR Problems Have a Common Factor: 
Decision 

The answer is that all of the problems 
we have discussed required a decision to 
be made, all of them required a method 
of inquiry which could evaluate alterna- 
tives considered for decision. 

For example, ‘the decisions implicit in 
the three OR examples given were: 

A. Shall I promote large accounts or 

small accounts? 

B. Shall I plant peas in January, or 

on May 1? 

C. Shall I expect a frontal attack, or 

one from the flank? 

The meaning of operations research 
can be found by asking pertinent ques- 
tions about the decision-making process. 
But, before doing so, it will be worth- 
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while to note a historical trend in scien- 
tific interest—from simple to complex 
problems. 


OR: A Method of Inquiry Aimed At 
Evaluating Decisions in Complex 
Situations 


If you consider some problems in 
science, war, and industry, you will see 
that over the past fifty years practical 
problems have become more complicated; 
that the cost and difficulty of scientific 
investigations have increased; in short, 
that in the most interesting choice situa- 
tions, making a decision, or reaching one, 
is not a simple problem. 


A. Science 


As a result, a type of secondary think- 
ing has grown up regarding the method- 
ology of research in natural sciences and 
in social sciences (research on research 
methods, so to speak) to aid in the de- 
cision as to which research procedure is 
best for a given problem. This is essen- 
tially operations research. 


R. A. Fisher’s agricultural experiments 
are an example of this trend. He found 
his work required a shift from the clas- 
sical notion of an experiment, in which 
one variable was manipulated at a time, 
to a scheme in which many variables 
could be tested at once. The result was 
his factorial design of experimentation. 
In experimental physics, the problem of 
the interaction of instruments with the 
phenomena being measured raised the 
question of which measurement technique 
or alternative was best in certain cases. 
When the Census Bureau found the cost 
of conducting surveys and public opinion 
polls was increasing rapidly, its research- 
ers placed new emphasis on selecting the 
most efficient research technique for a 
given study. In the field of electrical 
communication, when the introduction of 
the new electronic circuits using “feed- 
back” required new and more complicated 
analytical techniques to be developed, 
complex decision making (in the circuits 
of computers and control devices) became 
a field of interest. Cybernetics, or gen- 
eralized control theory, was the outcome 
of the latter development. 

In science, then, analysis and decision- 
making have increased in complexity. 
Interrelated variables, feed-back effects 
(the problem solution or investigation 
affects the problem conditions), and the 
indivisibility of large area problems into 
simple ones have become the major wor- 
ries of the research worker. 

B. War 

The complexity of military operations 
has produced a need for some means of 
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evaluating weapons, tactics, and strat- 
egies. The success of scientists in hand- 
ling quantitative evaluations in their own 
fields (and in producing or innovating 
problem solutions) caused science to be 
drawn into military operations. 

As early as the third century B.C., 
scientists researched for military evalua- 
tions. For example, Hieron, the King of 
Syracuse, appointed Archimedes to eval- 
uate plans for the defense of that city 
against the Romans. 

In World War I, Thomas Edison in- 
vestigated the submarine menace using 
statistical calculations, and an English- 
man by the name of Lanchester calculated 
possible air force strategies using dif- 
ferential equations. 

In World War II, British scientists 
were drawn into the war effort, originally 
to aid in the conversion of the air de- 
fense network—which formerly used girls 
as plane spotters—to the new radar sys- 
tem which had been developed. The or- 
ganization of the new operation was so 
successful that the scientists were drawn 
into other military positions; submarine 
warfare, the air force, the navy, civilian 
defense, and supply. The notion of having 
teams of operations research men at- 
tached to military commands was taken 
up by the U. S. Army, Navy, and Air 


Force, toward the end of WW II, and 
such teams were used extensively in 
Korea. 


C. Industry 


The complexity of modern business and 
industry has also produced the need for 
decision-making methods which are more 
and more efficient. 

For example, Tavlor began his “science 
of man’s work” in the early 1900’s. Gantt 
developed his scheduling charts at that 
time to aid in production decisions. The 
Gilbreths began evaluating job perform- 
ance by quantitative methods a few years 
later. 

During the thirties the number of staff 
specialists in industrv increased. (One 
distinction to be noted is that most spe- 
cialists worked alone then, on isolated 
problems, as Taylor and Gantt had done 
before.) 

In the forties, the larger consulting 
firms, realizing that no one man could be 
a specialist in all management tech- 
niques, began to organize staff specialists 
into teams for a unified attack upon their 
clients’ problems. 

After WW II, many consulting firms 
and large corporations, such as GE, At- 
lantic Refining, Bell Labs, Curtis Pub- 
lishing Co., Metropolitan Life, US Rub- 
ber and others, began to set up perma- 
nent operations research teams, in which 
scientists and business specialists—with 
an even broader background of experi- 
ence in diverse fields—were given free- 
dom to investigate problems of general 
interest, and to trouble-shoot in all parts 
of operating organizations. Industrial in- 
terest in operations research was, of 
course, spurred on by the success of mili- 
tary OR teams. The development of fast 
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statistical and computational techniques, 
which resulted when scientists worked on 
problems in their own fields, also aided. 
But—as you have probably gathered—the 
advent of operations research teams in 
industry is also part of a trend of inter- 
toward complex problems, which 
started many years ago. 


est 


Complex decision problems which are 
repetitive lead to the use of probabilistic 
decision making methods which are our 
next subject. 


How Are Decisions Made? 

Games of Chance were the origin f 
most modern theories of decision. For 
example, in 1796, Laplace, the French 
mathematician, summarized his ideas of 
probability in a series of public lectures, 
and, in one lecture entitled “Concerning 
Hope,” stated the classical concepts of 
calculating how to make optimum de- 
cisions at games of chance (where events 
occur at random). 

Modern thinkers, such as Wald, von 
Neumann, and Morganstern, have con- 
sidered situations where overt competi- 
tion is present, that is where outcomes of 
a game do not occur at random, but are 
affected by its players or contestants. 

Since writings on decfsion theory are 
difficult to obtain and are often presented 
in mathematical symbolism, I should like 
to outline briefly some fundamental ideas 
on this subject in simplified terms. 


A. What A 


Three terms are often used in speak- 
ing of decisions: value, probability, and 
worth. You will see what these mean 
from the following example. 

EXAMPLE — Classical Evaluation of 
Games of Chance. If you throw two dice, 
and the dice fall at random, the probabil- 
ity that the outcome 7 will occur is 6/36. 
Suppose that I agree to pay you $4 for 
$1 if you bet on 7 (and 7 actually occurs), 
and that you will pay me $1 every time 
you roll the dice and 7 does not occur. 
Then the value to you of the outcome 7, 
if you bet on 7, is the most you could win 
on 7, or $4; and the worth of outcome 7 


Decision Involves 


Thus, value has to do with how mu probabi 
you can win or lose when certain indiyjg} kinds: 
ual outcomes occur; probability with th} stand® 
number of times such favorable or yp,} conflict 
favorable outcomes will occur in the long} enemy: 
run (how often or in what proportion yo} tet is € 
will win or lose); worth with the probabk| 4. Ci 
return or cost of individual outcomes ecurs, 
you play the game for a long time. ‘ to 0 

The summation of the worths of al given 
outcomes possible for a given alternatiye| gnothe 
(say, “bet 7”) is called the expecteg! moral 
worth of that alternative, or simply its} extrem 
expectation. The expectations of “bet on | prot 
7” and “bet on non-7” in the game pro. | serupl 
posed are minus 6/36 and plus 6/36} ternal 
respectively, meaning that if you played} eral g 
this game with me you could expect to 
lose roughly 17c¢ for every dollar you put 
up betting on 7, and I would expect tg | 
win 17c for each dollar you bet on 7, pre. | 
suming we played the game for an ex. 
tended period of time. | POLIC 

B. Reaching a decision 

For games of chance, the simplest | 
criterion for making a decision—that 3s 
for making a selection of alternatives— | ‘ 
is to pick that alternative which has the | 
greatest expectation when compared to | 
all other alternatives possible in the 
game. | 

More complicated criteria must be used | 
for complex problems; for example at | 
poker or in business where events do not 
necessarily occur at random, or in situa- 
tions when you are short of captal, when : 
your opponent begins to guess how you confli 


will bet, when he can change the odds |" pb, | 


himself, etc. The concepts of min-max, | js mc 
max-min, and other decision rules apply | count 
in problems of the latter type, and the | goals 
following additional problems are im- } or dé 
portant. ulate 

C. Some decision-making difficulties gand 

1. Determination of the value of an | ™4U 
outcome and the probability of its oc- | "°" 
curence may be very difficult or impos- | sear 
sible in practical problems. When the D. 


rules of the game we play are not well- | 
defined, we may not be aware of all the a 
implacations of a given decision, its pos- Fi 


is the product of its probability and value sible outcomes, all the alternatives we of d 

(your probable return on that outcome, should consider, etc. The outcomes may | most 
not considering losses on other events), not be repetitive, so we cannot estimate 

4 x 6/36, or 24/36. Similarly, the value the probability of their occurrence easily. that 

of all non-7 outcomes is $1, since you 2. In all but the most trivial cases, the 4" 

would lose $1 on non-7’s, and the worth problem of conflict is usually present in | °'8* 

of outcomes other than 7 will also be decision-making. Conflict, which confuses envi 

negative in accordance with the prob- the values we should like to assign to | exis 

ability distribution for dice games, as outcomes under consideration, and im- prot 

shown in Figure 1. plies dependent rather than independent | 

whs 

Possible Outcomes | poli 

IF the sum rolled Sum of Two Dice Thrown at Random uve 

is to § 

then 

Worth of 2 3 4 5 é 7 4 9 10 1] i2 E(W) box 

| the 

Bet on 7 ——ge] -1/36 -2/36 -3/36 -4/36 -5/36 [+24/36 |-5/36 -4/36 -3/36 -2/36 -1/3¢ - 6/36 | doit 

an¢ 

Bet non-7 ——gp}| +1/36 +2/36 +3/36 +4/36 +5/36]-24/36]+5/36 +4/36 +3/36 +2/36 +1/36 +6/36 | cus 

his 

tiv 

WORTH = VALUE x PROBABILITY tar 

Figure 1—Worth of outcomes at a proposed dice game. ™ 
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probability calculations may be of two 
kinds: conflict between our goals or 
¢andards of value (internal conflict), or 
conflict produced by competitors (the 
enemy, the environment, ete.). The lat- 
ter is external conflict. 


a. Conflict of goals, or sets of values, 
occurs, for example, if one of our goals 
is to obtain the maximum profit from a 
given activity, and at the same time 
another goal is, say, to observe certain 
moral scruples against that activity. An 
extreme case: the possibility of operating 
a profitable numbers racket vs. moral 
scruples against it. We often resolve in- 
ternal conflict by the use of a more gen- 
eral goal or standard which includes the 


Alternative Policies 


cur. He must, unfortunately, face all 
the problems of decision making we 
noted: conflicts, poorly defined values 


and goals, lack of rules at his game 
and the like. 


Operations Research could be of use 
to the executive in his policy making, 
then, if it concerned itself with value, 
worth, probability, and expectation, and 
developed techniques to overcome de- 
cision-making problems. Because of this 
motivation the most obvious character- 
istic of modern operations research is the 
formulation of its problems in the de- 
cision-making terms we have discussed. 
Such decision-making concepts are the 
meaningful core of operations research, 


1 
= 
1 PROCESS 2146 
N 
POLICY MAKER OPERATORS = 
2 CONSUMERS 
| 
Selects Puts Policy COMPETITORS 
Policy : into Action 
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Figure 2 
conflicting goals as sub-elements. 


b. Conflict from competition or nature 
is more obvious. In this case we develop 
counter-strategy, shifting our 
goals to fit new environmental conditions, 
or develop new tactics: we may manip- 
ulate our competitors by force, propa- 
ganda, etc., or devise machines or tech- 
niques to change the environmental situa- 
tion to our advantage. Problems of re- 
search implementation come here. 


consider 


D. Decision-Making in an 
Organization 


Figure 2 illustrates some components 
of decision in an organization, one of the 
most complex situations we can consider: 

If you look at Figure 2, you will see 
that a problem in any part of an organ- 
ization has effects in all parts of that 
organization, and also has effects in the 
environment in which the organization 
exists. Statistically, this is a multivariate 
problem. Customers, competitors, opera- 
tors, and management are all part of 
what may be called a closed loop. The 
policy maker hopes to optimize the effec- 
tiveness of his organization, with respect 
to some goal, by choosing one or a com- 
bination of n policies (the numbered 
boxes in the figure above) which specify 
the routine operation of his system. In 
doing so he must consider in one form or 
another—and this is the point of our dis- 
cussion of games of chance—the value of 
his decision’s outcomes (positive or nega- 
tive and of what magnitude of impor- 
tance) and the probability that such fav- 
orable or unfavorable outcomes will oc- 
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REACTIONS 


Some components of decision in an organization. 


and the basis of its usefulness to the 
executive, 

During WW II, the decision as to how 
large a bomber group to deploy against 
the enemy’s artillery hinged on a certain 
intangible value—the value of a man’s 
life. Certain Allied losses were expected 
—certain damage of enemy forces and 
installations was also expected—for each 
plane dispatched. What was the proper 
balance? No executive wished to hazard 
a guess on the value of a man’s life. Most 
said “very high,” but no one knew. Opera- 
tions research teams were asked to re- 
solve the dilemma by determining how 
much was actually spent to place and 
maintain a man in battle. Computations 
indicated that the apparent value was 
almost equivalent for all forces, and 
this value, in combination with the prob- 
abilities of damage and loss, led to deci- 
sions to increase the size of formations, 
saving both life and equipment for equiv- 
alent damage to the enemy. The value 
of one man’s life in battle was said to be 
about $200,000. Even in this extreme 
case, logical decision-making contained 
the key concepts of value, probability, 
and certain rules for determining the ex- 
pected worth of alternatives. 
The Decision Model 

One specific technique the 
model—is of general interest to 
because it has been used to 
decision theory with practical 
tions. 

A model, as the name would imply, is a 
representation of a problem under con- 
sideration — in mathematical, symbolic, 


decision 
us here, 
combine 
applica- 
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classificational. or other form—which is 
a miniature or simplified version of the 
actual operation or process under study. 
The simplification occurs in a certain 
way, however. In most cases, the model 
will represent the structure or relation- 
ship of variables in the problem—like the 
relationship of rooms in a house we pro- 
pose to build or redesign—and is used 
to test the effect of manipulations we 
might perform to improve the process or 
situation, understand it better, and evalu- 
ate decision variables. One tries to avoid 
making decision models simple by leaving 
important variables out of the problem 
—like forgetting to have a bathroom in 
a house model—a fault which often oc- 
curs in unfamiliar situations unless we 
are careful. The “art” of operations re- 
search lies in knowing what to put in and 
what to leave out of the decision models 
we construct. So far, past experience, 
imagination, and hard work are the only 
guides one can use in this selection. 

Industrial Engineers use models in 
their own work—this idea is nothing new. 
The interesting point to note, however, is 
that we can use decision models in situa- 
tions frequently overlooked. 


For example, in the Korean bugle call 
problem we discussed, the song “instruc- 
tion” book was a classificational model 
or outline of possible communist action; 
in the Seabrook Farms example, the 
study of “pea growth units” served as 
a model for growth of all crops on the 
farm; in the Herrmann and Magee study, 
formal equations were models of the 
market situation. For certain common 
operations problems, well defined models 
have been developed: Life-and-Death 
Models (for replacement of elements in 
a system, repair, maintenance, etc.), In- 
put-Output Models (for rate of input to 
improve output), Queueing Models (for 
rate of flow, congestion, waiting, etc.), 
Cybernetics Models (for control of a pro- 
cess through communication), Game 
Models (for choice in competitive situa- 
tions), and Search Models (for the loca- 
tion of specified objects or events). 

The above models are statistical or 
probabilistic ones, which have proved 
useful in complex situations. The classi- 
cal type of model, which does not use the 
concepts of probability, is called a de- 
terministic or mechanical model; although 
it seems to be of less use in handling 
crude experimental data than the proba- 
bilistic model, it is a very useful tool in 
decision-making, and thus deterministic 
models, such as graphs, tabulations, elec- 
trical and mechanical analogues, alge- 
braic equations, and simple arithmetic 
should not be overlooked or considered 
too trivial for application. 

To conclude our discussion of the mean- 
ing of operations research, I should like 
to present a check list of some of the 
steps normally followed by an operations 
researcher in his investigations. 

The critical steps are at the beginning 
and the end of the research procedure— 
in the formulation of the problem and the 
implementation of its solution. 

(Continued on Page 13) 
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Why ‘Timestudy Standards Cost Too Much 


Supervisor of Standards, Whitney-Blake Company, New Haven, Conn. 


All of us are faced with inflation and 
rising costs. You and I can’t do much 
more than talk about many phases of 
the problems these have created. That is 
very frustrating—to a ten dollar 
word. 


use 


We, in timestudy, are extremely cost 
conscious. We are always looking for 
new ways to reduce costs. That is our 
job. But have you ever n>ticed that we 
seem always to be analyzing other 
people’s jobs? What have we done to 
reduce the costs of our own work? We 
all take a great deal of pride in point- 
ing out labor savings that we have 
brought about. Certainly we must con- 
tinue to do this. But many of us ¢can- 
not say the same about our own work. 
Have we made the same improvements 
in setting time standards as we have in 
our manufacturing costs? I don’t think 
so, and therefore we must sit down and 
analyze our own methods. 


The cost of setting time standards is 
far too great in most timestudy depart- 
ments. Normally this is not due to lack 
of skill and intelligence on our part. 
Rather, it is because we fail to use the 
better methods available to us. We have 
many new tools at our disposal that we 
can use to reduce the costs of setting 
time standards. Using these tools may 
well be compared to an engine lathe in 
the tool room with an automatic screw 
machine. Obviously the set up time on 
the screw machine is much greater than 
the engine lathe. After the set up has 
been completed on the screw machine 
the per piece cost is much lower than 
pieces produced on the engine lathe. The 
same is also true of our Standard Data. 
If we are willing to take the initial time 
and expense to set our data up properly 
in the first place we can set standards 
in a fraction of the time it would nor- 
mally take. Since we recognize this prin- 
ciple in our factory operations why don’t 
we in our own work? 


Can you set a standard in less than 
one minute that is within five per cent 
of accuracy and is consistent with others 
throughout the range of your product? 
Can you do this with men who are not 
highly skilled? Could you let your sec- 
retary set standards? Such simplifica- 
tions are not only possible but also are 
entirely practical in many instances. In 
our plant my secretary sets more time 
standards than any one of the timestudy 
men. This is possible on the operations 
where we have reduced standard set- 
ting to reading tables. This also frees 
the timestudy men for development work 
and reduces the amount of time they 
spend on routine work. 


that this 
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By Martin R. Doring 


runs but it won’t work in a job shop. 
If yours is a job shop you have all the 
more reason for doing it. Your main 
problem is to get coverage by standards 
at a cost you can afford. This problem 
is quite common. Unfortunately, the 
solution isn’t. 


In one plant where I worked, we had 
all the headaches of measuring job lots. 
We decided that if we were to get any 
coverage at all we had to do something 
to solve our problem. Our solution came 
through the use of multi-variable charts. 
Since I was familiar with this method 
in general, I started to work out a so- 
lution. Before long, I ran into a blind 
alley. I needed additional help, as I 
had worked out a partial set of stand- 
ards but there were still some elements 
I had not been able to incorporate in 
my charts. I found my answer in Phil 
Carroll’s “How To Chart Timestudy 
Data.” 

This book can be seen in most Time- 
study Depts. In my experiences I have 
noticed copies of this book in many 
plants. But, surprisingly enough, all 
have appeared to be practically as good 
as new. This is an indication that we 
realize the potential value of the book 
but somehow just fail to set aside enough 
time to read it. 


The surprising thing to me about this 
unique method of charting is that it is 
relatively unheard of. Also, I thought 
that it was a new approach until I read 
of Phil Carroll’s experiences with it. 
One of his examples dates back to July 
1924. So you see this is not a new ap- 
proach. Instead, it is a practice or 
method that is not used enough. 


As an example, I was called into one 
plant to check their Standard Data for 
making wooden shipping boxes in their 
carpenter shop. The boxes they made 
covered a complete range in size, quan- 
tity and type of construction. The small- 
est were about 12 inches long, 8 inches 
wide and 6 inches deep. The largest 
were about fourteen feet long, 6 feet 
wide and 8 feet deep. The lot sizes could 
vary from one to 50 boxes of the same 
size. Construction was determined by 
the type of box and whether the ship- 
ment was to be domestic or foreign. 


In reviewing the standard data their 
timestudy engineers had developed, it ap- 
peared to be a very thorough and well 
defined piece of work. Their analysis 
was very complete. It was broken down 
into handling, sawing and nailing for 
the several parts of the boxes being 
made such as top, bottom, sides, ends 
and cleats. Up to this point their stand- 
ard data was a fine job. But it did not 
go far enough. It wasn’t consolidated. 
It took between one and two hours for 
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an experienced timestudy engineer 
set one standard, The reason for this | 
was that all of the following computa. | 
tions were necessary. 

Volume of box in cubic feet. 

Area of cover in square feet, 
Area of side in square feet. 

Area of end in square feet. 

Depth of end in inches. 

Depth of end times two in inches, 
Width of end in inches. 

Width of end times two in inches, 
Length of bottom in inches, 


SELON 


1 Linear inches around bottom (twice 
the length plus twice the width of 
bottom.) 

11. Total number of board feet in the 
box. 

1 Size of cleats for foreign boxes, 


13. Double ends for foreign boxes, 

14. Method of nailing (hand vs. ma. 
chine). 

With all of these computations, you 


can readily understand why they spent 
the time they did to set each standard, 
Their complex method also necessitated 
an expensive check by their supervisor 
to catch errors. 

If we analyze this problem a little 
further, it becomes obvious that we are 
dealing with only four variables. They 
are length, width, depth and type (for- 
eign or domestic). Thus we had a very 
limited number of factors. 

My first step was to reduce their data 
to a multi-variable chart, made in 5 
per cent increments related to length, 
width, depth and type of box. When this 
was completed, it was possible to set 
a standard in 30 seconds with fewer 


errors than they had been making. When 
we compare this with the average time 
of 90 minutes under the old method, we 
have a saving of 894 minutes per stand- 
ard. 

This analysis pointed out one other 
very important fact. It was that, al- 
though the original data appeared to be 
complete, when put together, I found 


that many of the component elements | 
did not cover the complete range of box | 


sizes. Too many studies had been taken 
on the usual sizes but not enough on 
the extremes. 


Don’t think that you must wait until 
you have standards that require two 
hours to set before you should consider 
using this simplified method. Such s0- 
lutions are ideal for job shop work where 
speed is an absolute necessity if you 
are to get any coverages. 

Recently, I was faced with a prob- 
lem of this type and set up a multi-vari- 
able chart to handle it. By the conven- 


tional method, it took ten minutes for | 


a timestudy engineer to set a standard. 
Now, the standards are being set m 
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twenty seconds by my secretary who 
has had no timestudy training. 

This operation is comparable to that 
of winding springs and includes the fol- 
jowing variations. 


Variable Range 


Mini- Maxi- 

mum mum 
1, Diameter of wire .028” 
9 Overall length of spring 2%” 245%” 
3, Length of straight ends %” 2” 
4, Mandrel Diameter 345” %” 
5, Pieces per container 200 700 
s. Number of coils 18 119 
7. Lot size 10 15,000 


From these details you can readily 
see that we have job shop conditions. 
Although this is true, we do have many 
common factors. The primary one is 
that all parts are springs. Also, within 
a given range, we have a_ specified 
method. Further analysis revealed that 
all elements could be related to the fol- 
lowing factors. 

Overall length of wire 
Length of wire to be coiled 
Wire Diameter 


1. 
2. 
4. Mandrel Diameter 


After these relationships were estab- 
lished, our solution was set up like that 
shown in Fig. 1. 


In this example, you can see how 
simple it is to set a correct standard 
in a minimum of time. Besides, you can 
set such standards without tying up your 
highly skilled and high priced timestudy 
engineers. 

By such charting methods, you can 
lick your cost of setting standards for 
either job shop or high production con- 
ditions. In addition, you will have turned 
out results that are completed and that 
more nearly reflect your engineering 
ability. 

Probably the greatest advantage of 
this method is in the reduction of griev- 
ances. This is possible because we are 
consistent throughout the range of the 
operation. Inconsistency can cause us 
more grief than any other factor in the 
field of work measurement. 

Again, to use this better method in 
standard setting, we are not doing any- 
thing that is new or has not been tried 
and proven over a long period of years. 
In fact, we should be ashamed of our- 
selves for not making more use of this 
technique that has been written up and 
is available to industry. 


Overall Leth, Of Wire Minus 2 Ends Igth. To Be Coiled 
ie Dia. Mandre1 Dia. 
| = 3/16 1/4 5/16 a/e 
| 2019le 022 3/16 VW 5/16 3/e 
Bte. | Bte. 
Igth, os Coiled In Inches Std, Mins. 
Per Pe. 
| 3,1-3.6 | 2092 
| 2069300 | | | 4096 
Bte. Bte. 
Figure 1. Here is a simple chart for 


setting standards in 


30 seconds that is 


in dittoform to save writing. 


Book Review 
Cases in Management 
by Henry M. Cruickshank and Keith 
Davis, Homewood, Illinois 
Richard D. Irwin, Inc., 1954, 
221 pages, $4.35 
Although this volume of case studies 
was prepared primarily for college-level 


courses, it contains many problems which 


can be used for industrial discussion 
groups and individual study. The prob- 


lem and information are presented brief- 
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ly, about two pages each, but with ex- 
cellent readability and emphasis on the 
key facets of the problem. The fields 
covered include those normally included 
in industrial engineering plus organiza- 
tion, personnel and supervision. This is 
an excellent book for those who prefer 
the case study approach to discussion 
and learning. However, no solutions are 
and the 
himself the correct solution without be- 
ing able to verify his answer except from 
his own experience. 


given reader must select for 
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OPERATIONS RESEARCH 


(Continued from Page 11) 
A Check List For Operational 
Investigations 


Formulate the problem in decision- 
making terms 


1. State the nature of the problem. 

2. Formulate a set of objectives. 

3. Propose alternative means of meet- 
ing these objectives. 

4. Set some goal, or put some value on 
objectives. 

5. Determine the variables in the 
problem. 

Use A Model 


6. Develop a model to simulate the 
operation under study. 

7. Test the model using collected data 
and the principles of statistical in- 
ference. Assume numerous situa- 
tions, observe the outcomes and 
their probability. 

Note results of the decision 


8. Formulate a decision, or indicate 
quantitatively which is the best set 
of decisions. Formulate the practi- 
cal application of the decision. 

9. Follow through with the applica- 
tion of the decision. Make the re- 
quirements of the application sim- 
ple, so that operators can handle it. 
Feed back data from experience; 
look for new variables or factors. 
Adjust the decision to compensate 
for operator difficulties, competi- 
tion, etc. Repeat the whole series of 
steps (1-10) until a satisfactory 
outcome is achieved. Continue to 
monitor the process or operation in 
practice to assure that it remains 
satisfactory. 

Summary 

Operations research is a method of in- 
quiry designed to evaluate decisions effec- 
tively in complex situations. 

To show why the operations research 
method is useful, we discussed some sim- 
plified elements of decision theory and 
noted the differences between simple and 
complex problems. The main reason for 
using operations research, we noted, was 
because of the increasing complexity of 
operational decisions. 

We noted that the operations re- 
search way of looking at problems—call 
it by any name you like—is the outcome 
of a trend in scientific thought which be- 
gan many years ago. 

Finally, we described the nature of de- 
cision models and observed a_ possible 
step-by-step procedure for investigation 
of operations. 

In this paper I purposely stressed the 
background and meaning of operations 
research—the “why” of many operations 
research techniques you see in the busi- 
ness and technical press. For those who 
are interested in specific analytical tech- 
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niques, data gathering methods, and 
models described in the literature, a 
bibliography is attached. 
Bibliography 
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Meldon, Morley G., “‘Operations Research,” 
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The Ethics Engineers 


: Professor of Philosophy and Aesthetics, University of California, Berkeley 


This subject was not of my own choos- 
ing, which is, I think, all to the good, 
since it channels one’s thoughts in un- 
customary directions. 


First, I want to say that I don’t think 
there is a special ethics of engineers. 
The ethics of engineers and that of me- 
chanics, lawyers, carpenters, doctors, and 
ministers is all the same—and the same 
on weekdays or on Sundays. What is 
morally right in one profession is mor- 
ally right in another, and in one season 
as well as in another. 


There is, however, a particular lia- 
bility, a particular area of temptation 
and tendency to ethical weakness in 
every profession. I think that is what 
the present topic is designed to bring 
out. What is the particular ethical dan- 
ger to which the engineering profession 
is especially susceptible? Of course, the 
opposite would constitute the particular 
virtue of a highly meritorious engineer. 
But this virtue is more easily detected 
in the vice for which it compensates. 


So let us turn our thoughts to this 
problem. But first it would be well to 
consider briefly what ethics means. The 
following is, to my mind, a fair initial 
definition of the subject: Ethics is the 
study of the criterions for the evaluation 
of human conduct. That is to say, ethics 
studies what is good and bad, or right 
and wrong in the acts of men, and the 
grounds for these judgments. It is im- 
plied that men’s actions ought to con- 
form to these grounds of judgment. So 
ethics is much concerned with questions 
of obligation and duty. 


There are a good many ethical the- 
ories. Let me say at once that I have 
no confidence in any theories that ap- 
peal solely to infallible authority, or to 
the a priori, or self-evidence, or indubi- 
table certitude. For such appeals are 
self-defeating. One infallible authority 
contradicts another, one claim of indubi- 
table certitude even by most highly re- 
spected men is met by a contrary in- 
dubitable certitude by men of equal 
standing. Anyone who sees this sort of 
thing happen a number of times, can- 
not but lose confidence in all such tests. 
So I recommend throwing out all ap- 
peals to certainty. That greatly reduces 
the field of credible theories. Only those 
theories have to be considered which 
appeal to empirical probability and evi- 
dential corroboration. 


Even within these empirical boun- 
daries there are several alternatives. I 
will choose the one, however, that seems 
to me best evidenced, to lay out before 
us the coverage of the kinds of objects 
that fall within the ethical field. This 
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By Stephen C. Pepper 


is a widely held theory with a long an- 
cestry—the so-called interest theory of 
value, 

You will notice that we use the word 
“oood” in an ethical sense of three rather 
different but closely related things. We 
speak of good acts, of good men, and of 
good societies. 

Suppose I begin with good acts. There 
appears, on examination, a stratification 
of good acts. These are defined by the 
operation of distinct selective processes 
which may be called selective systems. 


The simplest of these selective sys- 
tems is that which determines the re- 
lation of means to end, the relation be- 
tween an instrumental and terminal act. 
Consider an impulse to go to the beach. 
Here is a drive tension with a consum- 
matory satisfaction in the warm sun- 
shine on the beach and a cool swim in 
the water. This consummatory satisfac- 
tion is good in itself, a terminal act in 
the release of drive tension. 

But now notice that this consumma- 
tory satisfaction functions as a selective 
criterion for the goodness (or badness) 
of all the instrumental acts which are 
employed to take me from my home to 
the beach. If I failed to glance at the 
gas tank gauge, and run out of gas 
on the way, that would be a bad instru- 
mental act. If I take a wrong turn not 
having made the suitable inquiries or 
not having looked at a map, that would 
be a bad act. If I drive too fast and 
am arrested or have an accident, that 
would be a bad act. For all such acts 
delay the achievement of attaining the 
terminal consummatory _ satisfaction. 
Note also that the only motive for the 
instrumental act is that of attaining the 
consummatory act. The very drive that 
is awaiting release in the consummatory 
act is the drive that charges the in- 
strumental act. The dynamics of learn- 
ing depends on this fact. An error in an 
instrumental act is eliminated soon 
as an organism is convinced that the act 
does not lead to the terminal act. The 
charge on the instrumental act is identi- 
cal with the charge awaiting release in 
the consummatory act. If the instru- 
mental act is in error and in fact does 
not causally produce the terminal act, 
the organism rejects that act forever. 
It turns out to be no good. That is to 
say the attainment of the terminal act 
is empirically discovered to be the cri- 
terion for the goodness of the instru- 
mental act. A person ought to choose 
a means which will lead to the end. 
Why? Because the charge on the means, 
the motivation in selecting it, is the 
attainment of the end. If with this moti- 
vation an unconducive means is chosen, 


as 
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the failure of the means to reach the 
end factually declares the selection ‘ 
roneous and bad. 


I dwell on this means-end relationshj 
between the instrumental act and thy 
terminal act, because it so transparent) 
exhibits the nature and dynamics of , 
selective system. The system in its struc. 
ture contains its criterions of Selection 
its dynamics of choice. In terms of th 
system certain acts are accepted an 
so implicitly judged good and certaiy 
acts rejected and implicitly judged bag 


Now there is also a selective systep 
within the consummatory field. Thi! 
need not delay us in our present ethic, 
problem. But it is very important jp 
aesthetics. There is a tendency for a 
organism so to act in the consummaton 
field as to maximize his satisfactio, 
there. If you lie down in the sun o 
the beach and find the shadow of a bus, 
cooling your body, you will move ove 
into the sun. You will move in and oy 
of the breeze to what is most satisfying 
When you regulate the loudness and the 
tone of your radio for best reception 
you are performing selective activitie 
within the consummatory field. The art. 
ist does the same thing on a Vastly 
more complex scale. This is not strictly 
means-end activity. It is a maximizing 
of the end activity. 


The next selective system is that of 
adjusting conflicts among a number of 
different purposive acts in a single per- 
son’s behaviour field. This commonly 
referred to as a conflict among ends 
Considerable study has recently beer 
made of selective action in this field) 
Roughly, the selective tendency is tow-| What 


ards a resultant effect to maximize the| #80 
total satisfaction available within the! 
behaviour field. There is a time element) "" 
involved, too, however, in terms of the anyth 
consequences. The field involves means} 8S 
to future consummations as well as pres! ‘re 
ent ends, and the reality of the environ- | rie 


ing situation determines good judgment | 
in the resolution of present tensions. A} In 


misjudging of the situation and its con- | syste 
sequences comes back upon the organ-| that 
ism in pain and punishment and estab-| and | 
lishes an error in terms of the very dy-| Decor 


namics of the system, just as in a simple’ out , 
means-end act. whol 
Vitan 


Then, fourth, is the social situation 
in which a number of different persons 


with their own personal interests re | by 
. . enc 
quire cooperation and compromise for} of | 
the maximum collective satisfaction. ead 
e 

Fifth should be mentioned a man’ owe 
personality structure which controls the} relat 
drives he releases in a_ situation, the | 
things he is interested in, and whieh! ada 
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is itself subject to an integrative ten- 
dency- 

Finally, there are cultural patterns 
which are selective systems determining 
ghat is or is not approved conduct in a 
man’s society, and which are themselves 
subject to adaptive selection from the 
physical and social environments | in 
which they are operative. These various 
selective systems are active as criterions 
of conduct. Different empirical theories 
of ethics stress one or another of these.* 
| would suggest that none of these can 
be neglected and that the relations of 
priority of selection among them is a 
major ethical concern. Under certain 
conditions, I would say, certain of these 
acquire priority, under other conditions 
others. For instance, under emergency 
conditions adaptive selection takes pri- 
ority and demands a relatively efficient, 
centralized social pattern and some re- 
striction on individual freedom; whereas 
under peaceful and prosperous condi- 
tions, a decentralized pattern giving pri- 
ority to freedom of personal choice 
(that is, to the individual behaviour field 
as a selective system) becomes appro- 
priate and gains precedence. 

With this brief description of the em- 
pirically verifiable eth’:al criterions as 
a background, suppose we now turn to 
the topic in hand. What are the speciul 
ethical liabilities of the engineering pro- 
fession? In order to have an object of 
comparison, and also to protect me a 
little from a possible suspicion of bias, 
I shall first direct such a question upon 
my own line of work, that of the pro- 
fessional scholar. 

What I propose to do is to ask what 
in the activities of scholarship (and 
presently of engineering) is likely to lead 
to certain excesses which will be nega- 
tively evaluated by the various empiri- 
cal ethical criterions just indicated. 


Now, there is a well-known name for 
the great danger to which absorption in 
scholarship is liable. It is pedantry. 
What is pedantry? It is such excessive 
absorption in the particular end where 
the scholar finds his greatest satisfac- 
tion that he fails to be interested in 
anything else, or to consider the bear- 
ings of his particular specialty of re- 
search upon other areas of human in- 
terest. He commits, in a phrase, the 
fallacy of neglect of context. 

In respect to the means-end selective 
system, this signifies that something 
that was once a means for the scholar 
and is a means still for most men has 
become an end for him, and has crowded 
out all other ends from his life. His 
whole life resolves about a_ particular 
vitamin, or a particular decade in Roman 


| ‘Specifically, traditional hedonism stresses means- 


end and the behaviour field and the maximizing 
of individual satisfactions; contextualistic and 
pragmatic theories, like John Dewey’s, stress 
the social situation as the ethical criterion; 
self-realization theories and various forms of 
idealism stress character integration; cultural 
relativity theories stress the selective control of 
cultural patterns; evolutionary ethical theories 
stress the selective control of environmental 
adaptation. 
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history, or a particular word root in 
Sanscrit. He ceases to have any interest 
in music or literature or in travel or 
people or even in food or sport and 
hardly in his family. He is only happy 
in his laboratory or study among his 
notes and books. He may acquire con- 
siderable fame as a scientist or scholar. 
But even his scholarship will probably 
suffer from his exaggerated magnifica- 
tion of his end, and his failure to see 
its relationships with other things that 
give it its significance. 

What does this do to his behaviour 
field? We have seen already what it 
does. Where more balanced men look 
out on the world with an alert eye and 
a variety of interests, he is blind. He 
sees only the books in the windows, and 
only those whose titles bear on his in- 
fatuation. He has lost the horizon of 
the world from his field of response, 
and walks with his eyes on the ground. 


But, worst of all, he has lost judgment, 
a sense of proportion, a sense of the 
relative significance of things, and espe- 
cially of the human importance of what 
he is doing. He has probably lost his 
sense of humor. 

And what about his social relation- 
ships? He becomes a sort of intellectual 
hermit though he inhabits a large cam- 
pus. He has lost most of his human 
relationships. He is considered queer, 
and he is queer. He has only one topic 
of conversation and this soon becomes 
tiresome to all but others expert in his 
specialty. He may be a good teacher of 
his specialty. But if he is not, and cannot 
get in contact with his students, he be- 
comes scornful of good teachers, and 
suspects them of “popularity.” His coun- 
sel is unreliable and often harmful be- 
cause he has no breadth of judgment. 
He finds social duties uncongenial and 
his association with others frustrating 
and craves still more the solitude of his 
one engrossing interest. 

But his personality? As an able 
scholar, he has of course the admirable 
skill and intellectual integrity of any 
well trained research man. But he is 
not a well rounded, well integrated man. 
His sacrifice of so many natural inter- 
ests to this one narrow scholarly end is 
not entirely healthy. So much loss of 
human relationships is but a symptom 
of much deep frustration frozen into his 
character. He is not much of a man. 
Nearly all his potentialities are cut out 
but one. He is reduced to his single 
narrow specialty which has become the 
solitary goal of his life. 

Lastly, how does he fit into his cul- 
tural pattern, the institutions of his so- 
ciety? He fits in precariously. He will 
be tolerated indeed, if he is lucky, he 
will be honored in a protected area of 
his society such as a University—pro- 
vided his specialty happens to be so- 
cially valuable either through some 
scholarly tradition still respected or be- 
cause there happens to be a use for his 
results at the time. But not being an 
adjustable man, his value to society is 
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at the mercy of the chance that his 
specialty fits the cultural pattern of his 
time. 

Now you may say, no such man exists. 
Just look around at our friends and col- 
leagues in the faculty club. What one 
of these fits this picture of an ideal 
pedant? Strangely enough, it just may 
happen that you will be surprised. With 
the foregoing picture in mind, he may 
actually rise from the next table. But 
this is not the point. The point is rather, 
that here we see a tendency to which 
scholarly men are liable. You see its 
evidences sometimes in group decisions 
where something a little like a mob 
spirit prevails, and these men’s collective 
response gets averaged down to their 
prevailing vice. Have you noticed how 
difficult (or impossible) it is to get a 
group of high powered specialists in a 
University like this to combine on a rea- 
sonable liberal arts program for the un- 
dergraduate student? Every specialist 
there speaks for the supreme value of 
his specialty and nothing less than half 
a student’s total time will barely intro- 
duce the student into the rudiments otf 
each subject. So, the student’s program 
is squeezed out in a series of compro- 
mises between these grinding specialties. 


So much for the pedant and the pre- 
vailing vice of the scholar. What now 
may be the prevailing vice of the engi- 
neer? Hunting for an unpleasant word 
to name it, comparable with pedantry, | 
suggest it may be servility. 

The pedant goes to excess with an 
end. The ethical danger for an engineer 
is that he may go to excess in his con- 
centration on means. All his training 
and all his life is concerned with human 
instruments—bridges, dams, dynamos, 
roads, canals, harbors, sewers, and fil- 
tering plants, mines, wells, and refineries 
—all instruments for ends which have 
been set by other men, not the engineer. 
Inevitably and properly, the engineer 
becomes absorbed in the techniques of 
producing means with the highest ef- 
ficiency for attaining ends . . . what- 
ever these latter may be. He doesn’t 
seem to need to think of his ends, but 
only about the means. This is indeed 
the very nature of his job. 


But suppose this concentration on the 
means is carried to an excess. What can 
we expect then? We have a man who 
is always offering his services for any 
end and never asking about the signifi- 
cance of the end. This leads to two 
possible evils: (1) a failure perhaps to 
appreciate ends at all, and (2) a ten- 
dency to think that the end justifies 
a means, so that if the means attains 
the end no more need be considered. 


Let us follow this ideally bad engi- 
neer through the various selective sys- 
tems we discriminated earlier. 

In the means-end field he concentrates 
upon the means, as we have seen, and 
admires efficiency and has little respect 
for people who waste their time in con- 
summatory satisfactions. In the aes- 
thetic field he wants to know what use 
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artists have and will perhaps allow they 
have a entertainers for the 
tired executive. 

In the next level of the behaviour 
field where there are conflicts of pur- 
poses, the weakness of the ideally bad 
engineer shows in his willingness to let 
ends take care of themselves. He of- 
fers his services to whoever shows he 
needs them—whether an industry or a 
department of government. His to do 
and not to question why. He will see 
with logical clarity the justification of 
means to end. He will rarely be drawn 
to consider that the end does not justify 
the means in a field of diverse ends. 
Since this may sound even here as a 
paradox, let us ask why. The reason is 
that the selection of a means for a cer- 
tain end may be so destructive of other 
ends in the behaviour field, that it is 
better to give up the original end alto- 
gether. It is another instance of the 
fallacy of neglect of context. The pedant 
shows it one way, the servile engineer 
another. The everyday expression we 
have for this phase of the fallacy is 
“throwing the baby out with the bath.” 
If the end is to empty the bath tub, why 
clearly throw the water down the drain? 
But what if a baby happens to be in the 
tub? And sometimes the baby is not 
obviously to be seen. And when the 
baby is thrown out and the howls begin, 
it is not an adequate excuse to say that 
you were just doing what you were 
told—emptying the tub. There are no 
means that are not connected with ends 
other than the immediate end in view, 
and what one ought to do in a behaviour 
field involves all 


place as 


the ends, and never 
just one alone—or almost never. But the 
ideally bad engineer believes himself 


particularly keen in isolating the end 
in view and serving that end with the 
highest efficiency. In this behaviour he 
is as bad as the pedant. 


And now go to the social situation, 
the ideally bad engineer is the idolator 
of efficiency. He tends to treat men as 
means and not as ends in themselves. 
He is likely to be impatient of indi- 
viduality and a stickler for conformity, 
unless some use can be seen for unusual 
actions. That the most efficient way of 
getting something done offends the sen- 
sibilities of a lot of individuals will not 
get much consideration. In going across 
a bridge, why should autoists be given 
a view of the water and boats below? 
That would only reduce the efficiency of 
the driving, and has nothing to do with 
the service of the bridge. 

And the man. This ideally bad engi- 
neer would clearly be a man of achieve- 
ment, Like the pedant'he may attain 
great honor in his society, because of 
his instrumental achievements. But he 
is not a man of sensibility or discrimi- 
nation. He will be so blind to what he has 
not got and he will be so aware of the 
objective and measurable utility of his 
achievements that he may be very dan- 
gerous to his society. But this, is get- 
ting ahead to the next point. As a man 
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he is only partly integrated. Half of 
him is as dried up as with the pedant. 
Achievement may even become a mania 
with him. He cannot really enjoy na- 
ture, or art, or books, or even himself. 
His total resource is in the doing of 
something—in fact, doing anything, the 
bigger the better. So he has actually 
very little judgment or breadth. And like 
the pedant, he has probably also lost his 
sense of humor. 

Lastly in the area of cultural pattern 
and ideals, this ideally bad engineer will 
be exceedingly conservative and con- 
formist for the most part, accepting the 
ends his social pattern gives him. For 
he has little interest in matters of 
policy or long range social ideals, being 
trained to serving men faithfully in giv- 
ing them means for whatever ends are 
put up. But if occasionally the ideally 
bad engineer looks out over the total 
social field and undertakes to design a 
policy, then he is more dangerous than 
ever. For the inefficiency of social re- 
lationships in the variety of men’s im- 
pulses and enjoyments and pursuits is 
glaring. So the ideally efficient society, 
a managerial society, or a technocracy 
inevitably emerges, with all the engi- 
neering techniques and power to back 
these up. And the ideally bad engineer, 
being as blind in his way as the pedant 
in his, absolutely cannot see what is 
wrong with such ideals. Of course, the 
only thing wrong with them is that they 
are all means and no ends—all perfectly 
instrumental and devoid of the consum- 
matory satisfactions—or almost so. 

Having now said these things, I must 
be prepared for the counterblast. As 
with the pedant, don’t expect to see the 
embodiment of this ideally bad engineer 
here among us at these tables. But I 
would simply ask you to consider if 
this is not the sort of thing an engineer 
must guard against. 

And now for the other side of the 
picture: the ethically fine engineer. He 
is obviously the man with all the tech- 
nical skill and practical outlook which 
his thorough professional training offers 
together with the judgment and human 
consideration of the many _intercon- 
nected ends and persons involved along 
with the means of serving them. He 
does not make the easy error of neglect 
of context. He is not servile but service- 
able, and so guided no man could be 
better equipped to be thus serviceable. 


“Business Policy,” 
by Charles L. Jamison, 
Prentice-Hall, 

New York, 1953, 580 pages, $8.65 
Many industrial engineers find them- 
selves dealing with matters which in- 
volve business and management policy 
which fall outside the scope of industrial 
engineering. The general principles of 
making and carrying out these policies 
are covered by Prof. Jamison who then 
discusses specific policy problems of the 
various functions of a business. He also 
includes material on executive training, 

staff operations, and remuneration. 
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of the engineering profession. Pro potential 
Rautenstrauch and Industrial Engineg.} we wish 
ing are brought in briefly. Dean Fing problems 
has produced an interesting history g|methods. 
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point of view and discussion are quit 
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ecutives tell about the application of Opera: | 
tions Resedtrch and Industrial Engineering Se 
1 


9 


techniques to the military, transportation and | : 7 


mac 
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part 1 (published in the March, 1954 
@ Singh} issue) treated some preliminary problems 


tes em managerial programming of produc- 


elopmer, 

Prof 
sNgineer. 
in Fing 


tion in order to illustrate some of the 
potentialities of mathematical methods. 
We wish now to consider two particular 
problems associated with use of these 


story g@lmethods. These relate to the fact that: 
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|, there exist technologically determined 
orderings on the sequence in which pro- 
duction processes must be carried out on 
any commodity, 2. usually a commodity 
ean be processed in one and only one ma- 
chine tool at a time, and a machine tool 
an handle no more than one commodity 
(or other specified number) at a time. 
These technological concepts are dis- 
wssed more fully in (5); they are 
frmalizations of familiar engineering 
‘acts. In addition, it often is found that 
at some levels of production, certain com- 
modities may be produced most econom- 
cally in “batches” or lots rather than 
continuously as the assumptions of the 
model in Part I implied. 

In order to examine these concepts and 
thir impact on methods usable, for 
management problems, let us reconsider 
the problem which was solved in Part I, 


hor projand its computed program on a Gantt 


tion, hisichart as follows: 
ire quit 
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Analysis of this chart indicates that, 
according to the limitations on machine 
pacity, the computed program is sched- 
ilible within the specified time period. 
However, note that the total amount of 
time that the whole lot of screw 2 is in 
process is greater than the amount of 
ime available during the period. This is 
further illustrated by the following tabu- 
lation : 


Total 
Machine 
Load 


Screw 1 
Mach. 1 

| (327 x 2 ) 
Mach. 2 


| (827 x 


(982 x 3 ) 2946 3600 


5 ) 1635 + (982 x 2 ) 1964 3599 


} Total time 
is “‘in- 
process"” 4910 

The overlapping of operations 1 and 2 
on screw 2 could be resolved by “splitting 
| of” some of the lot and moving it to the 
seeond machine before the processing is 


complete on all units in the lot at the 
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Wathematical Methods in Management Programming: 


R. T. Nelson 2 and M. E. Salveson * 


first machine. However, split lots is an 
experience, if at all possible, to be 
avoided. It increases costs of production 
control disproportionately—it increases 
cost of record keeping; increases need for 
expediters, dispatchers, and inspectors; 
it increases costs of material handling, 
etc. Hence, for these circumstances, we 
require a method that will assure that 
the computed program is_ schedulible. 
Preliminarily, we can accomplish this re- 
quirement in this problem by the follow- 
ing revised model: 
maximize: > 
subject to: 

(1) 2 1, ---, m, 


O% 
where m is the number of factors in 


limited supply (machine tools, etc.), and 
n is the number of commodities. 

The second set of restrictions assures 
that, in the particular problem illustrated 
here, the resulting program is schedulible 
under the requirement of not splitting 
lots. The problem now is solvable by the 
same methods presented in Part I. In- 
deed, the solution to that problem with 
these additional restrictions becomes: 

432 

X2 720 
and the value of the objective function 
decreases to 

3 X 432 + 4 X 720 = 4176. 

However, if we do not include these 
restrictions but, instead, scale down the 
originally computed program so it can 
be scheduled as follows: 


Screw 1: not scaled 327 
360 

4910 


We find that the value of the profit func- 
tion is decreased more than if the altern- 
ative formulation is used, as follows: 
Value of the objective function 
1. As computed in the 
model that considered 
only machine capacity 
restrictions 
As computed in the 
model that considered 
both sets of restrictions P 
3. As computed by scaling 
down the program in 
(1) above P = 3797. 


The object lesson from this illustration 
bears emphasis: An_ under-restricted 
model of a programming problem usually 
will result in an over statement of the 
potential profit. When it is found (as 
usually will be the case) that the com- 


4909 


4176 
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puted program is not schedulible, the re- 
sult may be an unjustified loss of con- 
fidence in the method. 


We now can predicate a more general 
statement on the above model. Consider 
the case in which lots may be split in 
discrete increments, i.e., at individual or 
integral units of the commodity being 
processed. The restriction on the in- 
process time of the commodity becomes: 


er, 
Where m; is the number of elements 


in the set Lili}, that is, the set of 
operations, j, on commodity I. These 
restrictions reflect the fact that each unit 
of a commodity must be fully processed 
through one operation before moving to 
the next operation. Hence, there is a 
staggering of the time of processing even 
if the lots are split their maximum 
amount, i.e., at every discrete unit. In 
most cases of job or semi production 
shops, the maximum split will seldom be 
sought. Instead, each lot in process com- 
modities will be in an active operation 
only a small fraction of the time. Then, 
we could write 


where 6, is an arbitrary constant, 
0 = 0 < 1, empirically determined from 
the shop and refiecting the percentage 
of the time which the ith commodity will 
be in-process “on the average.” For ex- 
ample, if any 6; takes on a low value, 
it means that commodity is actively in- 
process a relatively small percentage of 
the time. In some job shops we find 
that © = 1/20. Also, we find that 
si Oh K hold reasonably well for 
any shop. This means that we have 
within the model an arbitrary parameter 
which can be the basis for further ex- 
amination of the profit and production 
function under alternative programs. 

The above method of incorporating 
further restrictions in the model assures 
that our computed program will be more 
schedulible. While it does not fully assure 
that a computed program will be sched- 
ulible, it will approach this desideratum. 
In general, it will select more different 
commodities for production, but a smaller 
number of each type than would other- 
wise be the case. Coupled with this is its 
simplicity of formulation. In effect this 
method of representation uses empirical 
experience on what fraction of the time 
commodities can be programmed for pro- 
cessing and still assure that the program 
is schedulible. It thus avoids the combina- 
torial problems of exact scheduling which 
we discuss next. 


The effect of technological orderings 
and of the restriction against splitting 


< i=l ---, my, 
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lots on the scheduiibility of computed 
programs is now explored briefly. For 
example, if in the Gantt Chart both 
serews had the same ordering on the 
sequence of their operations and if all 
units of each must be completed in a 
single lot, the reader can easily verify 
by inspection that the computed program 
would be even less amenable _ to 
scheduling. 


A sample problem is presented now to 
illustrate certain techniques in scheduling 
for handling problems of this type. It is 
slightly larger than the earlier problem 
in order to make it interesting and is 
due primarily to the former author. It 
illustrates a procedure for: 

1. Computing the optimum feasible 
schedule for a given permutation and set 
of commodities each with a technological 
ordering on the sequence of processing. 

2. Evaluation and comparison of the 
possible permutations. 

3. Evaluation and comparison of al- 
ternate routines. 

Consider a shop in which two com- 
modities i 1, 2 are produced on three 
machine tools j L, 2, 3. 

As before, the time required for 
processing one unit of commodity i on 
machine j will be denoted by bij. 
Assume: 1. Unit operation times as fol- 

lows: 

2. The time period for which pro- 


P2 Ps 
j=1 ] 1121 | 1.2 
2 | 12,22 | 12,23 
3 | 13,23 | 23,1: 


the optimum feasible schedule. Take, for 
example, permutation P,. In the follow- 
ing analysis, the technological restric- 
tions on the routing and the permutation 
taken must be considered simultaneously 
in computing the program. 


The technological ordering, T, and the 
permutation P,, are as follows: 


T P; 
1, 12, 13 11, 21 
21, 23, 22 12, 22 


13, 23 


If the operations ij are mapped in time 
(for example, by plotting on a Gantt 
Chart), the only operations which (from 
the point of view of the technological 
restrictions, T, alone) could be carried 
out last are 13 or 22. From the permuta- 
tion, P;, only 21 or 22 or 23 could be last. 
Considering both’ restrictions  simul- 
taneously, we find, therefore, that opera- 
tion 22 must be the last to be carried 
out. Hence, the last operation to be com- 
pleted will be commodity 2 on machine 
2. We next ask what operations may 
determine the starting time of 22, that 
is, must precede 22 immediately. From T, 


Machine Tools 


j=1 2 


Commodities 
i=1 6 min. 5 min. 3 min. Unit profit $4 
2 9 min. 8 min. , 1 min. Unit profit $5 


duction is to be scheduled includes 
1000 minutes 


3. Routings for the jobs (Manufac- 
turing Outlines) : 
43,2) < €1,8) 
< < (2,2), 
where “<” is read “must precede.” In 
the following discussion the ordered pairs 
(i,j) which denote the processing of com- 
modity i on machine j, will be further 
simplified in notation to “ij.” x; denotes 
the unknown quantity of comodity i to 
be produced. Thus, each operation ij will 
require b,;;x; minutes as follows: 


j 1 2 3 
i 1 | 6x, 5x1 3X1 
i 2 9Xe X» 


There are two operations to be per- 
formed on machine 1: 11 and 21. There 
are two possible permutations of these 
operations, either 11, 21 or 21, 11 i.e., 
either commodity 1 is processed on ma- 
chine 1 first, and then followed by com- 
modity 2; or vice versa. The same con- 
sideration for machines 2 and 3 yield 
2X 2 X 2 = 8# possible permutations as 
follows: 

Given a permutation from this set, we 
first will consider methods of computing 


‘ In general the number of permutations will be: 
(m’)" where n number of machines 
m number of jobs 
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22 can be started only after 23 has been 
completed; from P, it can be started only 
when 12 has been completed. Considering 
both T and P,, 22 can (and, of course 
will) be started as soon as the last of 23 
and 12 is completed. Since we do not 
know the quantities of each commodity 
that will be produced, we do not know 
whether 12 or 23 will finish the later. 
Therefore, we must allow for both possi- 
bilities. The same procedure is repeated 
to determine the starting times for each 
12 and 23 and is continued until the ele- 
ments which have no precedents are 
reached. This is the end point because 
all such elements will be started immedi- 
ately at the beginning of the time period. 
A schematic illustration of the procedure 
is as follows.° Read from left to right, 
to give last operation to first. 
-- 11 
22 
-- ll 
23 
13 -- 12 -- 11 


Substitution of bi;x, = ij in the schem- 
atic illustration gives: 
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1 11,21 11,21 21,11 21,11 | 21,1 
2 22,12 | 22,12 12,22 12,22 22,12 | 2249} futile. 
3 13,23 23 jy} formula 


13,23 | 23,13 13,23 23,13 
given 


P; P¢ P; P, 


It is assumed production is started ; and 


1 progran 


Howe 


onl 


the beginning of the production Derig ignored 


and will be completed when the fing} tion 
operation is completed. One of the Dath{ 6X1 
in the schematic diagram is the longes 9333 


of 
+ | 


n 


depending on the values taken on by th schedul 
variables x), x2. Since we do not under-r 


X; or Xz at this time, we do not know ¢hj mix 


(1 


longest path. However, if all paths are gj proport 


restricted that the sum of the time » 
quired in each is less than or equal to th 
time available in the period, then regayj 


less of which may be the longest path we find 


we are assured that production wil] }}1 can | 
completed in the available time. availab 
For this problem the restricting jy. only 4( 
equalities become, one for each indicate) than fe 
path, as follows: ing all 
11 x: + 8x = 1000 If th 

6 xX: + 18x. = 1000 pute th 

14 Xi 9X» 1000 all pos 

lem, WE 


Any program Xz) satisfying thes profit 


restrictions can be scheduled and will this 


wa 


satisfy T and P,; it is termed feasible}as mai 


To find the optimum program now jg! poss 


ibl 


comes a problem of maximizing a lineg| one Wit 
form subject to a set of linear inequalftable s 


ities. The simplex method as discussed this sa 
in Part I is used again to obtain th listed 
optimum program. Algebraically, those 
problem is: ent wit 
Maximize: Permu 

4 Xi t 5X. P 

Subject to: . 

lix: + = 1000 

6x1 + 18x. 1000 Ps 

14x, 9x. = 1000 P, 

The optimum feasible program fa) ~ p. 

T and P, is: , P, 
Xj 45 

Xe 40 

Profit $380. Ps 

The following Figure illustrates th >. 
feasibility of the program. | profit. 
SULLLLL LL LLL © 88 OY comme 
For comparative purposes, the ordinal — 
linear inequality formulation of the pro 
lem neglecting the routings and using 
only machine-hour restrictions: 
Maximize: atives. 

4X, + 5Xe select 

Subject to also ¢ 

6x, + 9x. = 1000 eas 

5x, + 8x. = 1000 

3x: + x. = 1000 Sub 

Gives: the fo 

x. = 167 jthod 1 

x, — 0 portat 

Profit = $668 atter 

pro 


' For practical purposes an equivalent procedut | ther d 


is to list all common first elements from )®)), shc 
l and P, then the immediate subsequents of ee 
elements, etc., until common final elements # ‘emb] 
reached. 
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22 > | futile. This is, of course, because the’ ed relative to other works in this field. (Continued from Page 8) 
2317 formulation omitted both the fact that a These include: 
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the fig tion of these restrictions means that tory article. h 
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feasible, } as many as may be practical) of the A forthcoming book on petroleum refining Determine the average rating for each scene. 
now possible permutations and to select the ery interesting and useful 3. Multiply the actual eyele time for each ecene 
af results. will be: xy this average rating factor to obtain the 
ya line) one with the highest profit. The following 6. Manne, Alan S., Petroleum Refinery Opera- normal time for each scene. (The normal ; 
> inequal table summarizes these evaluations for tions Scheduling. Manne is at the RAND Corp., times obtained for each task should be reason- Xs 
deal this sample problem. The permutations Santa Monica, California. ably consistent if the observers are qualified). F 
tg SS . -feasible i > oe ae es An interesting similar report on petroleum 4. Average the normal times for each task to 
btain th listed as non fe asible an the table are refining is: obtain the normal time for that task, in terms 
ally, the} those permutations which are inconsist- 7. Symonds, Gifford H., Application of Linear of the company’s own concept of normal. 
ent with the given routings. Programming to the Solution of Refinery Prob- 5. Determine the ratio of the normal time as 
P.O. Box 185, thus found to the “incentive time’’ as formed 
Permutation X» Profit inden, N. J., January, 1904. in the “Manual of Performance Rating” for 
‘ ad 8. Vazsonyi, Andrew, “The Use of Mathematics each task. 
P 45 10 $380 in Production and Inventory Control,”” Hughes 
. “ ; Aireraft Co. Research and Development Labora- 6. Average the three ratios obtained to yield 
) Ps 67 Zo $433 tories Technical Memo, No. 332, Nov. 1953. the best estimate of the true ratio for the 
An excellent analysis of the problem of de- 
) Ps Non-Feasible termining parts requirements to meet a given - gy ge = ——— times for task shown 
) P 71 0 IRA sales forecast. on other reels by multiplying the ‘“‘incentive 
4 ; « “ 
nee for Ma % Dantzig, G. B., “Notes on Linear Program- times shown in the “Manual of Performance 
gram 10! P- 71 0 $284 ming, Vols. I to VI," RAND Corp., Santa Rating by the van none time to in- 
— — ———— Monica, Calif. An excellent series of memo- centive time as found above. 
Ps 22 9338 randa covering relevant mathematical con- 
P- Non-Feasible cepts, the computation! algerithen, In this way, normal times for all jobs, 
2 t ‘ > 4 
; ios se | lee routine for the in terms of the company’s own concept 
| Project, of normal can be obtained without the 
versity of California, Los Angeles, (Prof. A- necessity of indulging in some extremely 
rates th J. Rowe, Project Director), some _ relevant 
is the permutation with maximum dubious assumptions and mathematical 
Profit. Barankin, E. W.—“Precedence Matrices.” manipulations. 
Barankin, E, W.—‘‘The Fabrication Sched- 
777777\ lfthe production planning department uling as a Generalization of Ordi- 
| to list each of the several routings 
<7 TTT vhich are technologically feasible for the cessing in Larger Manufacturing Plants.” TIMESTUDY TRAINING AIDS 
commodities, the procedure described Canning | ona Salveson—‘Electronie Produc- RATING FILMS 
above would be immediately icable i 
ordinate ly applica Edmundson and McAllisteer—‘‘Early—Punctual Explanatory—the why of rating. 
‘the pra me eac suc 1 routing. le maximum at- Late” Card Dealing—range 20 to 70 rat- 
nd using able profit of each alternative routing Jackson, J. R. ‘A Linear Programming Mod- ings/film. 
tus would provide a basis for compar- Drill Press Burring—range 20 to 70 
ng and selecting from the several altern- i 
ant se al alle of Linear Programming. ratings. 
atives. Hence, this provides a method for Nelson, RT. “An Engineering Analysis of Industrial Operations—about 30 ar- 
electing, not only optimal schedules, but SS a rangements 
also optimal routings, as it eliminates An Ap- All are 16 mm. B & W silent, with 
guesswork from the rerouting problem. Nel . seg we ; charts for plotting your ratings. 
Nelson, R. T. Setup and Transportation as Rental Pp h 
Subsequent to preparing this pape. Elements of A Linear Scheduling Model.” — ee 
the former author has extended the me- Salveson, M. E. A Computational Technique DISCUSSION LEADERS MANUAL 


: for the Scheduling Problem.” 
|thod to include set up time and trans- i With True-False questions for every 
Salveson. M. E ‘“‘An Introduction to Mathe- 


jportation time between operations. The matical Methods in Production Control.” chapter of “Timestudy Funda- 
atter author has extended the method mentals For Foremen.” 
0 programming pl oblems involving fur- 1 Cention tn the Peep ge page 13 should read: Address Phil Carroll ‘ 

it ler arbitrary, but realistic, restrictions x, (3) x.() x (2) Lx (3) 6 Crestwood Drive 

et} Shop loading and in balancing an as- 7 Maplewood, N. 4. 

‘lements a*!embly line. These will be reported later. ~ 
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Stimulating Joh Simplification Thinking Among Hourly Rated Employes) Y( 


By Harold R. Nissley, P.E., 
Cleveland Heights 21, Ohio 


Although the era of the efficiency ex- 
perts is past, much remains to be done 
before operators will accept industrial 
engineering techniques as enthusiasti- 
cally as larger and larger segments of 
supervisors accept them today. Why are 
more and more supervisors accepting 
motion and time study principles and 
putting them to work in their depart- 
ments? There are two good reasons: (1) 
First they begin to understand what in- 
dustrial engineering is and what it is 
attempting to accomplish—for them, for 
their operators, and for their companies. 
And (2) intelligent industrial engineer- 
ing programs integrate more and more 
of the supervisor’s thinking in their 
formation and in their administration. 

It is not enough, therefore, that in- 
telligent supervisors understand the pur- 
poses of the industrial engineering func- 
tion. To operate successfully, such a 
function should be the product of staff 
specialists (industrial engineers) and 
supervisors. This does not mean, of 
course, that the foreman is going to tell 
the industrial engineer how many and 
what kind of stop watches to use or 
what method of standard setting the 
engineer shall employ. It does mean, how- 
ever, that the engineer should seldom use 
“higher authority” for selling his stand- 
ards or his job designs. 

These are common sense rules that 
most experienced engineers either accept 
as good working rules or have learned 
to be helpful in reducing costs and 
making jobs easier. 

Not so successful are the educational 
efforts of engineers in selling their 
“wares” to operators. This lack of suc- 
cess is due to several reasons: (1) Mar- 
ginal industrial engineers!; (2) a belli- 
cose local union; and (3) unintelligent 
management. Usually the strife that sur- 
rounds an industrial engineering activ- 
ity has elements of all three of these 
factors present. 

But the purpose of this article is not 
to show how to convert an unsuccessful 
standards or methods program into a 
successful one. Rather it is to point out 
what can be done to make a successful 
methods program even more successful 
—by enlisting the interest of the opera- 
tors in such a program. 

Some companies have set up formal 
classes for union stewards and opera- 
tors in order to give these people the 
same engineering educational opportun- 
ities that their foreman have had. It 
is hoped, of course, that such classroom 
effort will bring greater understanding 
and more harmony about management 
techniques. But such classroom effort 


'**Marginal industrial engineers” is explained in 
greater detail in the writer's paper, “Stop 
Watch Time Study Can Be Accurate and Salable 
as Tabular Systems" before the Fifth Annual 
AIIE conference at Louisville, Kentucky, May 
5, 1954 and published in the Conference PRO- 
CEEDINGS. 
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QUNCH WINNERS GET FREE LUNCHES 
This conyest is open only to hourly-rated employees. Answer as many of the 
following questions as you oan and return this sheet (signed) to the cashier before 
leaving the cafeteria, Winners and answers will be posted tomorrow, 


1, A 25 per cent savings in time will yield how much more production -- 


assuming the same amount of energy expenditure? ——' My 
2. Smooth round sorew drivers handles are faster and less fatiguing insistec 
than rough semi-flat handles for medium and heavy work YE NO is oe 
pointe 
3. If you slide small flat parts (shaped like pennies) instead of new bo 
picking them up, it is not only easier but it takes how much less time? % your ¢ 
4. Contrasty backgrounds make it easier to do fine work, How much get hg 
less time would: it take to thread a needle with black thread against they ¢é 


a white background compared with threading it against a black background? 


5. Of the eight methods of carrying loads shown below which is the (BEST: 


——* | pay 
) Indu 


best or least fatiguing and which is the poorest or most tiring? (POOREST: ) | cannot 


contrib 

these 

(A) (B) (Cc) (D) (£) (F) (G) (B) crea 
Tray Strap Tray | Bundles | Shoulder | Hip Knapeack Yoke = aries. 

To 

sults. 

4 say th 

the sal 

i I've he 

Take 

anothe 

6, If a company makes a 5 cent profit for each dollar's worth of goods can pa 
it selle, how many dollars worth of goods must it sell to recover one : 

dollar wasted in labor and materials in the factory? $ rl 

7. In the space below suggest a time-saving or money-saving question success 

that might be suitable for future qunoh games, SOUR 

Wha 

“brain 

More 

ation 

may | 

you sé 

Reg: 

PRINT YOUR NAME DEPARTMENT nto 1 


takes time and is fraught with mental 
resistance (at least at the start). 

A few companies have overcome some 
of the objections to formal class room 
work for hourly rated people by putting 
on a series of noon day movies at one 
end of the cafeteria or in some other 
suitable place. Some have offered to 
pay for home study courses of their 
hourly rated people — or for regular 
evening class work taken on their own 
time. 

All of these educational efforts should 
be encouraged. But most of them lack 
a certain amount of “spice.” “Who cares 
anything about shorter distances?” 
There are few, however, who are not 
interested in getting a free lunch. There 
are few who are not interested in play- 
ing some sort of a game at noon time. 

Let us put together these psycholog- 
ical ingredients into an educational pie 
and see what we have. For want of a 
better name let us borrow one that was 
used by an Eastern wartime manufac- 
turing concern, QUNCH (quiz-lunch). 

QUNCH is the game of answering 
questions at lunch time. The winners 
get free lunches. QUNCH can cover a 
number of areas: Economics"; Safety; 
Job Simplifeation; or anything else. 
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Because most of the readers of thi no mc 
JOURNAL are industrial engineers leé} try yo 
us concentrate in this article on Jo} At the 
Simplification and see how QUNCE, prsua 
might help sell motion and time stud} sum « 
to hourly rated employees. ther 

A sample QUNCH sheet is show WHO 
above. Such a sheet is picked up af 
the cashier’s counter when an employe 0 | 


pays for his lunch (or when he enter) 
the cafeteria). The sheet is returne} 
to the cashier before the employe; cut 


leaves the cafeteria. Where multi-shif} 
operations are carried on, more tha} "Ss. 
one set of questions would be desirable} The 

Obviously, if you don’t have a cafe} direct 
teria or most of your hourly rated peo} t sell 
ple do not use your cafeteria, ee hi 
qunch idea would have to be modified t! | refe 
suit your conditions (including, pet} you 
haps, the questions themselves). Yo of you 
may, for example, wish to put such quit] the q 
sheets behind the time cards of operator} you h 
and ask that the answers be turned i) 0 gr 
before quitting time, if they are to ®) Let 
counted. Obviously, other suitable priz®) was t, 
besides free lunches will have to pany 
offered. 


“See the writer's article, “Qunch: Novel ‘Twis Char 

in Training Follow-Up” in the July, 1953 1 for 

of Management Review. Costs 
(Continued on Page 23) 
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ye YOUR IDEAS ARE WORTHLESS 


efore 


My Physics teacher in High School 
sisted, “There is no sound if no one 
NO is near enough to hear it.’”’” Even more 
pointed is the title of Alexander Heron’s 
new book NO SALE, NO JOB. Just like 
your company’s products, you have to 
get some one to buy your ideas before 
they can have any value. 
pAY OUR WAY 

Industrial Engineers must sell. They 
cannot carry on without making a fair 
entribution of new ideas. Enough of 
these must be put to work before there 
is ereated the money to pay their sal- 


— 
— 
(8) 
aries. 
To pay our way, we have to get re- 
isults) How much is a question. Some 


say three times. Ten times return on 
lthe salary each year is the biggest rate 
I've heard. 

Take your choice because that is 
another subject. The point is that you 
can pay your way only after your ideas 
are successfully in operation. For that 
reason, your career depends upon your 
success in selling your ideas. 

SOURCES OF IDEAS 

What you want to sell may be a 
“brain child” of your own _ invention. 
More often, you will be selling the appli- 
ation of some ideas. These 
may be newly developed or old ideas 
new for. 

Regardless, you must talk some one 
nto making a start. That may require 
rs Of thino more than getting an operator to 
ineers le} try your new sequence of work elements. 
2 on Je} At the other extreme, you may have to 
QUNCE; persuade some officials to spend a large 
me => of money. In between are many 

ther types that require approvals. 


one else’s 


you see uses 


is show! 
, WHOIS YOUR BUYER 
ed up ai 
employe To get approval, you may have to sell 
he entenf Yur boss—an individual. Sooner or later 
return} YU may have to sell a group—your 


employe executive committee, several bosses or 
nulti-shit} 2 group of people in your plant opera- 
thay “ons. 

desirable} Then you have to consider the 
e a cafe direction of your sale. Are you trying 
‘ated peo{ to sell an idea to someone or group that 
ia, this has higher, equal or lower status? Here 
.odified t! refer to your prestige—your standing 
ing, per} your own organization. Another side 
es). Yol of your sales problem is brought out by 
such quit] the question, “‘How much experience do 
operator} you have in comparison with the person 
turned it} of group you hope to sell? 


too, 


are to i Let me give you a typical example. I 
ble Tr was talking with the president of a com- 
ve to pany that built products of sheet metal. 


Novel Twit} hor of limestudy for Cost Control, How to 
1953 iss art Timestudy Data, Timestudy Fundamentals 
eo for Foremen and How to Control Production 
Costs, 
») 
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Phil Carroll* 


He asked me, “Have you ever had ex- 
perience working in a sheet metal plant?” 
J said, ““No, only where sheet metal work 
was done by maintenance departments.” 
To this he countered with, “What makes 
you think you can set standards on our 
operations?” My reply was, “Because 
I’ve had a great deal of experience in 
working with people.” 

Many people in industry put great 
store in experience. Yet, I maintain that 
you can’t live long enough to get all 
the experiences that are necessary to 
overcome this argument. So you must 
find other ways to make your sale. 


WHAT IDEAS 

Then, of course, there is the question, 
“What kind of an idea do you want to 
sell?” There are all sorts. Are you trying 
to sell an idea that is new and untried? 
Are you hoping to sell a change where 
you have some precedents to go by? Or 
are you thinking of selling your boss on 
the idea that you deserve a raise? 

This phase breaks down further into 
what you might call selling little or big 
ideas. Does your proposal affect an iso- 
lated problem or does it involve a whole 
series? Will it cost a small amount or 
many thousands of dollars? Will it up- 
set the habits of a few people or a whole 
plant? 


ON A TRIAL BASIS 

You can say, and I agree, that a major 
change can be tried out on a small scale. 
Many that I know about are approached 
exactly that way. You get approval to 
apply your idea to one department or 
one procedure. But then you have another 
question to answer. Can you return to 
the original basis if your installation 
fails? 

For example, suppose you were con- 
vinced that your company needed Pro- 
duction Control. Let’s assume that you 
were successful in selling the idea and 
got approval to go ahead in one section 
of the plant. After you have set up your 
schedules and issued them, there are 
many interruptions, changes and break- 
downs. You try again and again. Your 
enthusiasm increases with the challenge. 
But finally your boss says, “Too much 
system.” 

After such an attempt, there may be 
very few if any problems of reverting to 
the old method. But imagine those that 
could arise if the idea you sold were job 
evaluation, profit sharing or wage in- 
centives, to name a few. How could you 
return to your starting point? 
SALESMEN ARE BORN 

You can’t escape selling by saying, 
“I’m not a born salesman.” That’s only 
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” Unless You Can Sell Them 


a dodge. How do you know? Here’s an 
example that should convince you. 


The other night riding home on the 
train, a neighbor told me of a skilled and 
well-paid accountant who lost out in an 
organizational shuffle. This accountant 
went to clinics to get placement guid- 
ance. He had all the tests and analyses 
of the kinds of work he should do. In 
this preparation for job hunting, all his 
advisors told him that selling was one 
type of work he should not enter. 


The accountant tried many places for 
a suitable job in his own field and failed. 
Finally in desperation, he took a job 
selling for one of our best known pro- 
ducers of accounting machines. This man 
has topped his company’s list of salesmen 
for five years, according to my neighbor. 

How can this happen? What enables 
a man to head his company’s list in 
selling whose aptitudes were seemingly 
unsuited to selling? I don’t know the 
answer any more than you do. 


INTEGRITY, PERSISTENCE, SKILL 


Louis Newman, who calls himself “an 
old peddler,” says, “Three things are 
necessary in successful selling. These 
are Integrity, Persistence and Skill.” He 
was highly successful so we can put 
stock in what he says. 

We understand integrity to mean 
forthrightness and honesty — _ honest 
thinking and acting. Surely that is the 
most important trait for an Industrial 
Engineer to have. He can’t get any place 
if people don’t trust him. 


Certainly he must be persistent. To 
succeed, he must overcome the “resis- 
tance to change” mentioned in most writ- 
ings. He must keep at it—but with skill 
and integrity. 


SELLING THE INTANGIBLE 

Integrity and persistence are traits 
you add little to by reading articles. But 
maybe I can give you some suggestions 
that will improve your skill. 

In selling ideas, you are under one 
handicap. Ideas are intangible. They are 
not like things you can see, feel, taste, 
hear or smell. 

True, you can take your boss over to 
the A. B. Jones Company to show him 
what other folks are doing with the bet- 
ter idea you propose. But that isn’t quite 
as conclusive as letting him hear a radio, 
drive a new car or watch a milling ma- 
chine cut at high speed. After any of 
these tangible approaches, he can say, 
“T don’t like it” or “We can’t afford it.” 
However generally, he cannot stop you 
in your tracks with his best defense, 
“Our business is different.” This objec- 
tion is the rock that can rip a hole in 
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the bottom of your progressive idea and 
flood it with cold water. 


RESISTANCE TO CHANGE 

Don Copell maintains, “You can teach 
an old dog new tricks provided you 
know more than the dog” (1). According 
to Andrew Salter, “No one does what 
he should. He only does what he can, 
because that is what he is conditioned 
to do” (2). Perhaps a better explanation 
is one stated by Rudolph Flesch in his 
Art of Clear Thinking. He says, “Don’t 
forget that everybody, including your- 
self, has only his own experiences to 
think with” (3). 

From these statements, you can sce 
that each idea is a “special sale.” Kach 
new idea may be wholly outside your 
buyer’s experience. At the other extreme, 
it may exactly agree or be diametrica.ly 
opposed to his own experiences. 

Then too, you recognize that selling 
the first idea of a series is more difficult 
than the fifth or tenth one. Selling init- 
ially the idea of installing Job Evalua- 
tion, for example, may take you many 
months. But when you get over the hump, 
often you can more easily sell many 
ideas that relate to it. 


EDUCATIONAL PROCESS 

Primarily, you must recognize that 
selling your ideas is a process of “‘educa- 
tion.” You must give the buyers of your 
ideas the “experience” as Flesch calls 
it. Otherwise, they cannot think along 
with you. 

In this informative process, I believe 
that the critical adjustment is one of 
speed. Robert Rawls names it as the 
rate of “mental digestion.” His pamph- 
let, “Time Out for Mental Digestion,” 
stresses this part of selling. As one point- 
er, he writes, “To work more effectively 
with our associates, to get our ideas 
accepted, to have greater influence with 
people, we must allow them time out for 
mental digestion, and we must learn to 
curb our impatience when they refuse to 
be swept off their feet by our enthu- 
siasm” (4). 

GET THE PROOF 

His term “enthusiasm” relates to New- 
mans “persistence.” These terms suggest 
two more “angles” to watch. Right off 
you know that to sell your idea you 
need ammunition. In its simplest form, 
you call it “getting the proof.” The law- 
yer calls it “preparing his case.” 

So your first step is to get the facts 
You must show that your idea is “prac- 
tical.”” It must pay for itself in your 
buyer’s thinking. Often, it will cost time, 
effort or money. And your buyer must 
make a choice between disadvantages. 
As Bernard Lester puts it, “There is 
one fundamental urge that moves any 
enterprise to buy. It is to make money 
by avoiding loss” (5). 

The loss Lester refers to is the excess 
of present costs over those you expect 
when your idea is applied. And I’m sure 
that you know very well how much bet- 
ter you can sell with dollar arguments. 
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am 


Here is one illustration. Back in the 
depression, one company had more time- 
study men than it knew what to do 
with. But the manager was smarter than 
many. Instead of laying them off, he 
assigned these men to make studies in 
prospective customer’s plants, with per- 
mission of course. In many cases, the 
timestudy men could work out strong 
dollar reasons for buying the client’s 
equipment. 


RING THE BELL 

You know, too, that the savings” you 
can show cause differing reactions. These 
vary with your business conditions and 
with your buyer as a person. You get 
better results with some men by using 
charts and curves. Others are scared to 
death by graphics so you must use fig- 
ures. With such men, you find that some 
visualize better with percents’ than 
amounts. So be sure to choose the right 
tools to make your sale. 

For instance, one plant was a little 
slow in taking actions to correct some 
conditions brought out by timestudy. To 
get results, the Chief Industrial Engi- 
neer set the stage. He listed these po- 
tential savings in order of decreasing 
amounts and alongside he showed the 
accruals of totals involved as each was 
aded to those preceding. His figures were 
in monthly totals. His purpose was to 
emphasize one way to change the loss 
he expected on the next month’s P & L 
statement into a profit. If the month’s 
operations did show a loss, he planned 
to point to the corresponding amount 
on his summary of potential savings and 
say, “Here’s one way to correct our 


loss.” 


AVOID MISTAKES 


Obviously, you know you should not 
go off “half-cocked.”” Your idea should 
be economically feasible. That, by the 
way, is largely a question of multiplier— 
how many. That means your idea may 
be much more practical at another time. 

However, my point here is to avoid 
mistakes. Of course, anyone who gets 
things done will make some mistakes. At 
the same time, we agree that “nothing 
sueceeds like success.”” Thus your skill 
in selling ideas grows with your reputa- 
tion for success. Naturally, you want 
to guard against making mistakes. 


TALK TOO MUCH 


In trying to minimize your mistakes, 
you prepare more carefully. This will 
increase your enthusiasm. It will give 
you more persistence. But both can cause 
you to work too hard to sell your idea. 

The better approach is well brought 
out by Robert Rawls in “Silent Selling.” 
In this booklet, he tells about a salesman 
named Gens who called on the grocery 
trade. “He would walk into a store, say 
“Good morning,” and then wait—just 
wait, silently .. .” (6). And he goes 
on to describe how this salesman let his 
customers buy. Then he makes the point 
that since his experience with Silent 
Salesman Gens, he has become convinced 
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that most salesmen “talk too much ani So be: 
too fast.” Bernard Lester makes jay 
same point with, “What buyers complg) “false 
about most is constant chatter by salef ,jusion.” 
men” (7). least yO 
you mus 
LISTEN FOR OBJECTIONS 

In reverse English, these experts g . 

telling us that we must listen more thp{ | 
we do. We must hear what our buyer that - 
object to. We must not try to smothe Rawls ' 


pon’T 


ta rul 
them with words every time they point “ Sam 
out some obstacles. mediate 
answer 
When we do get the proper opening aa 00 

ous 

we must not rush in all “het up” wig if 

our enthusiasm and give our listenep 
mental indigestion. We make bad mai! | p. k 

ters worse because, usually, our jdeg M. F. 


are bolstered with a mass of indigestibj, woniae” 
figures. 
a post} 


PROPER TIMING does 
(11). 


Then too, you try to pick the prope 
time to make your sale. You think ¢ Ther 
timing when you hear someone ask, “Hoy pecially 
is the boss feeling today?” You ma agility 
choose to present your idea on som} 1° 
other day. You may agree with thoy) “°” 
who say, “See him right after lunch} 


That’s one way to look at timing. na di 
we con 

But there is a type of schedule yo but by 
may use to advantage. Perhaps this 


a good method for major projects. It is} ;. alw 
what I call “Plant the seed and then} ,agiti 
water it.” Your skill in using this method] — 


depends upon your experience. You must re 
learn how long it takes your seed ty} °" 
grow up and bear fruit. When you have ad : 
that timing in mind, you know when t des 


plant your seed. Then you can water it 
at proper intervals. And it will bear fruit !¢ET 
at the time you planned its adoption, Ane 

There is another twist to this method } ideas 
You can pass along news items, articles} expla’ 
and books containing statements of prin-| —a ; 
ciple made by those who are supposed ). 
to know. I did that once very sucgess} grasp 
fully to convince a controller that he! ments 
should adopt a new idea in accounting } 


I’m 
Incidentally, do not underestimate the} goa. 
halo effect of the printed word. Many must 


take as gospel the statements they see You 
in print. 


these 

ASK QUESTIONS ok 
I have found it very helpful also t PRO 


ask questions. One reason is to find out} To 
if you are being understood. Another is} the“ 
to learn what objections your buyer has 
A third is to test the progress you are 
making in your sale. A fourth is to learn| 
from your buyer’s experiences. 
Edward Goeppner brings out this iat | _ 


all 
expe 


ter reason as a remark he overheard aj °° 
Negro janitor make, “Yeh, sho, thet’s 
right, but it’s the things you learn after 
you thinks you knows it all, that} | 
counts” (8). 


I heard Dr. Lillian Gilbreth say almot | ® 


you 
into 


sely 

the same thing several years ago. She lea 
eas 

told about one of her daughters announce he 


ing, “Mother, I know all the answers.” 


To this Dr. Gilbreth replied, 
nice But tell me dear, do you know al ide 
the questions?” 

Sex 
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So be sure to ask lots of questions. You 
may discover that you had reasoned from 
a “false assumption to an erroneous con- 
dusion.” And if there are no flaws, at 
east you will find out what objections 
vou must overcome. 


pon’T BE HASTY 

Now don’t push too hard. Remember 
chat old adage “haste makes waste.” 
Rawls states that some executives make 
it a rule that, “If you must have an im- 
mediate decision on any proposition, the 
answer is no” (9). So don’t be too anx- 
ious to get going right away. 

If you do, you may be inclined to com- 
sromise. About this form of solution 
\. P. Follett says, “But compromise sac- 
rifices the integrity of the individual 
,” (10). “It usually means merely 
a postponement of the issue. The truth 
does not lie ‘between’ the two sides” 
(11). 

There is a much better way out, es- 
pecially for engineers men with mental 
agility. Glenn Gardiner gives us one clue. 


i He savs. “There are three sides to a 
on some! He say 


ith those | 
r 


sory — his side, your side and the 
right side.” M. P. Follett brings this out 
na different way. She says, “I find that 
we come to agreement not by adjustment 
nut by invention, not by reconcil ng oul 
deas but by finding a new idea which 
s always something different from the 
addition of the previous ideas” (12). 
These experts seem to say that we 
should utilize our buyers’ objections to 
mprove upon our pt! yposals. We should 
se these to help us invent a better idea. 
Remember, there is always a better way. 
GET PARTICIPATION 

And the better way that includes his 
deas will work better. As John Wilson 
xplains, “Every man has two handles 
a pride handle and a profit handle” 
13). It is the “pride handle” you have 
grasped when you adopt his improve- 
ments upon your basic idea. 

I'm thinking particularly of the many 
deas Industrial Engineers install that 
must be carried out by someone else. 
You know from bitter experiences that 
these other folks can make your ideas 
fail to work time after time 
PROFIT HANDLE 

To succeed, you must watch out for 
the “profit handle” as John Wilson names 
t. You must consider “intelligent selfish- 
ness,” as James Lincoln identifies it, in 
all your sales efforts. How else can you 
expect to successfully talk someone into 
ipsetting his comfortable routine, doing 
the extra work necessary to carry out 
your idea and then working back again 
into his desired smoothness of operation. 
I stress this “profit handle” for a very 
good reason. Most of us are striving to 
“get ahead” “make names for our- 
selves.” There you have one reason at 
Heast why we are interested in learning 
how to sell our ideas. But let me caution 
you that it is vital to keep in mind who 


itis that is to “get ahead” with your 
idea, 
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WHO GETS CREDIT 


Let me give you a test question. It 
is one of a series I use in training men. 
It reads, “A timestudy man should seek 
the credit for improvements he makes 
in methods.” Now, most men answer this 
True. To be sure, many are younger 
men. Shall we say they are in a hurry 
to get ahead. 

Nevertheless, won’t you agree that 
the man who “seeks the credit” will run 
the grave risk of failing to sell his idea? 
What he should seek is the end product 
—the “practical” application of his idea. 
That involves not only letting the buyer 
add his improvements but also allowing 
him to take credit for putting the whole 
idea into successful operation. 


HELP THEM GET IT 

Maybe I have over simplified this sub- 
ject. But from all I can gather, selling 
isn’t very complex. Look how simple 
Frank Bettger makes it. His rule is, 
“Try to find out what people want, and 
then help them get it” (14). 

His rule seems to summarize in one 
sentence much I have said. Surely it im- 
plies that you seek to perform some serv- 
ice for those you work with in the best 
interests of your company. It includes 
all I brought out about asking questions 
instead of doing all the talking. It covers 
all phases of trying to incorporate your 
buyer’s suggestions even if you have to 
invent a whole new idea. And there isn’t 
any question as to who gets the credit. 
Then may we agree, that the way ito 
sell your ideas is to help other people 
get what they want. 
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the positions taken. Specimen clauses are 
included to show representative solutions. 
The author also discusses the legal 
aspects of labor relations, the grievance 
procedure, and arbitration. 
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JOB SIMPLIFICATION 


(Continued from Page 20) 


This sample quiz has but seven ques- 
tions. Where only 30 minutes are allowed 
for lunch, one or two questions might 
be used for each quiz. Where 60 minutes 
are allowed, as many as 10 questions 
might be included in each quiz. At the 
start of such a program a few simple 
questions might be better than many 
difficult questions. 

The answers to these questions should 
be posted a day or two after the quiz 
so that even those who did not partici- 
pate might learn what the answers are. 

Here are a few suggestions for maxi- 
mum and permanent good from such 
an educational endeavor: 


1. Test your questions on a_ small 
group before “going to press.” Ambig- 
uity and other errors will save you a 
lot of headaches, if these are caught be- 
fore the “boys” get them. 

2. Be sure of your answers. Post your 
answers the following Monday (if 
QUNCH is played on Friday). 

3. Be liberal with your lunch allow- 
ance. If the average luncheon check 
is 69c, give away $1.00 luncheon cred- 
its. 

4. Don’t attempt to monitor these 
quizes. Of course you don’t have to 
encourage “cribbing.” But the more in- 
terchanging of ideas you have the bet- 
ter will be your educational program. 
In other words this QUNCH game is 
both a measuring device and a thought 
accelerator. 

5. Don’t pressure anyone into parti- 
Cipating in this noon-time game. It must 
be purely voluntary. Indeed, it would 
be well to consult with union officers 
ahead of time and tell them what you 
plan to do. 

6. Throw in occasional baseball or 
other human-interest questions. 

7. Answers should. be short—unless 
interest builds up to the point where 
people ask for explanations. 

8. If anyone furnishes proof of the 
validity of his answer compared with 
yours, grant him a free lunch. 

9. Publish the answers and questions 
in your house organ, if you have one. 

10. Give away a free lunch to every- 
one whose question is used in future 
quizzes. 


“Manufacturing Management,” 

by Franklin G. Moore, 

Richard D. Irwin, Inc., 
Homewood, Illinois, 1953, 832 pages, $8.00 
Prof. Moore has written an excellent 
book thoroughly covering all important 
phases of manufacturing management. 
He shows the interrelationships of the 
various functions and discusses the in- 
fluence of organization and employee re- 
lations on the different manufacturing 
activities. He also brings in the historical 
background and the economic and politi- 
cal factors important to today’s industry. 
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Sditorial Comment— 


OR or | 


By Dr. Robert N. Lehrer, Editor-in-Chief, 


E ? 


AS 

Professor of Industrial Engineering, Georgia Institute of Technology uf act 

trol 5 

Many of our readers have encouraged The Industrial Engineer’s reaction to data and the development of the decade 
me to make a few comments about Opera- Operations Research has been mixed— retical models of operational sit.) autho: 
tions Research and Industrial Engineer- perhaps tinged by envy, fear and frus- ations. Starti 


ing. Even though two excellent articles 
on Operations Research are included in 
this issue of the JOURNAL, a few extra 
comments are in order. 


The Industrial Engineer is supposed 
to be an individual who sparks change, 
and strives for improvement. Why, then, 
does he himself resist change? A change 
that would result in a substantial im- 
provement in his work ability. The spe- 
cific “resistance to change” to which I 
refer is the Industrial Engineer’s reluc- 
tance to adopt, adapt and intelligently 
use Operations Research as an Industrial 
Engineering tool. We find ourselves in 
somewhat the same predicament as the 
cobbler who never got around to making 
shoes for his family. Are we so engrossed 
in getting others to change and improve 
that we ourselves are in a rut? 


Let’s look at this problem of Opera- 
tions Research and Industrial Engineer- 
ing in a positive and creative way. There 
are logical reasons behind the develop- 
ment and success of Operations Research 
—and the thinking of many Industrial 
Engineers is one very significant factor. 
Operations Research is usually typified 
by the following characteristics: 


1. Viewing problems in their overall 
setting. 

2. Dealing with all parts of a prob- 
lem, rather than just with a re- 
stricted segment. 

3. The use of a team approach. 

4. The use of expert knowledge in 
approaching a problem, defining it 
and developing a model of the prob- 
lem. 

5. The use of “participation” by in- 
terested parties in the solution of 
a problem. 

6. The use of quantitative evaluation 
and measurement. 

7. Direct relationship with “top man- 
agement.” 

8. The use of experimentation. 

9. Helping “top management” solve 
their own problems—by providing 
them with alternative courses of 
action, and knowledge of what is 
involved in each alternative. 

Are these same views typical of the 
Industrial Engineering approach? They 
should be. The pioneers in our field in- 
tended us to view our problems in a 
broad manner, and I feel that they 
would take to Operations Research like 
a duck to water. In fact, it has been 
claimed that the pioneers in Industrial 
Engineering did originate Operations Re- 
search. Why then do many Industrial 
Engineers of the present resist Opera- 
tions Research? 
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tration. Some have reacted violently— 
with claims that Operations Research 
and Industrial Engineering are one and 
the same. Others have been greatly im- 
pressed by the broadness of scope rep- 
resented by the interdisciplinary research 
teams. Others, bless them, have been 
quick to make full use of the “new” tools 
to reinforce their old procedures without 
being much concerned about arguments 
of which is new and which is old. Still 
others fear that the demands of Opera- 
tions Research make their training and 
experience obsolete. 


Now for a closer look at a few reasons 
why the Industrial Engineer has reacted 
in his own particular way. 

1. There is a difference between the 
“scientist” and the “engineer.” The 
scientist has been mainly interested 
in knowledge for understanding, 
while the engineer has been pre- 
occupied with solving practical 
problems. This has resulted in many 
situations where the scientist has 
lost touch with the practical as- 
pects of his work, and the engineer 
has lost touch with the theoretical. 
The Operations Research approach 
requires heavy use of theoretical 
knowledge applied to practical sit- 
uations. Many Industrial Engineers 
are ill-equipped to deal with their 
practical problems on a theoretical 
level. (It is interesting to note that 
most scientists are even less well 
equipped to deal with problems on 
the practical level.) 


2. Many Industrial Engineers like to 
“look at the world through a knot 
hole.” It’s unfortunate, but true. In- 
dustrial Engineers do like to con- 
fine their problems to just one 
limited area of activity, even though 
the immediate problem area is 
greatly influenced by an _ overall 
“system.” This thinking is respon- 
sible for some of the knottiest prob- 
lems that have plagued the Indus- 
trial Engineer. 

3. Many Industrial Engineers lack 

skill and experience in research and 

experimentation. Operations R e- 

search demands a good background 

in experimentation and research. 


4. Many Industrial Engineers lack 
facility with mathematics and sta- 
tistics. These quantitative tools are 
extremely important to the Indus- 
trial Engineer. They become even 
more important in experimental and 
research work. They are tools that 
allow quantitative treatment of 
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5. Most Industrial Engineers lack} nique 
broad background in the hum fact | 
and life sciences. Even though thy Speci 
Gilbreths did excellent pioneering} sis, 
in the integration of psycholog! the © 
(and other social sciences) int graph 
everyday Industrial Engineering} 
most Industrial Engineers have ha But 
little contact with other than ,) setUl 
mechanistic approach to their wor} cate 


problems. lated. 
6. Most Industrial Engineers tend 
feel that their work is only CON sine 
cerned with production. This ha in the 
resulted in limiting the area ¢ data. 
appli vation of Industrial Engineer let th 
ing. exam 
7. Some Industrial Engineers ay Char 
short on engineering and seciengt ance 
These individuals will likely prefe, But 
to stay away from active use gf proce 
Operations Research because they} lot © 
do not have adequate training p) @cha 
use it. of th 

Too many Industrial Engineer ase 
have management as a goal. This Th 
has resulted in lack of interest jp _— 
refined methods for being a bette — 
staff man. Operations Research i+ 

a staff tool. _ 
Usus 
Now for the constructive part. Why desig 
shouldn’t we just stop and take stock-| % | 
very carefully examine the overall prob. Thei 
lem and the possible courses of action§ 
I strongly encourage you to do this. Read men! 
some of the basic material ' that led t mac] 
the development of Industrial Engineer- They 
ing. Also read more about Operation _— 
Research. In particular, read the tw and 
excellent articles in this issue of the thei 
JOURNAL. Then do some deep think} 2% 
ing, and reach your own decision. I know call 
what it will be—Operations Researed clali 


tool kit. If we need additional training} ‘es 


should be in every Industrial 1 ata and 
and knowledge—let’s get it. The Indus} “!™ 


trial Engineer should retain his position} Pr 
as an Engineer for Management. 
ations Research will help him do this re 
tole 

more effectively. 
pra 

eng 

!T would suggest the following: | rid 
} sho 


“The Writings of the Gilbreth’s,”’ Edited by ti 

William R. Spriegel and Clark E. Myers, Richan} °° ! 
D. Irwin, Ine., Homewood, Illinois, 1953. 1Ze¢ 
“Scientific Management,” Fredrick W. Taylor | HeV 
Harper & Brothers, Inc., New York, 1947. i 


“Frank & Lillian Gilbreth—Partners For Life 


Edna Yost, Rutgers University Press, Ne a 
Brunswick, N. J., 1949. tlor 
“Industrial Management In Transition,” Geon| - 

Filipette, Richard D. Irwin, Inec., Homewoo A, 
Illinois, Revised Edition, 1953. A 
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THE QUALITY BOGEYMAN 


(Continued from Page 7) 


THE SPECIALIST 

As 1s common to all specialized fields 
uf activity, the Statistical Quality Con- 
trol Specialist has engaged in the prac- 
tice of Empire Building. In the last 
decade, he has usurped more and more 
authority while avoiding responsibility. 
Starting with simple inspection tech- 
niques, he widened his circle to include 
fact finding as to causes of deviation, 
Specification writing, Work Load Analy- 
sis, etc. The Control Chart has invaded 
the Controller’s office and the President’s 
graphs. All of these contributions to man- 
agement control are valid and valuable. 
But they endanger the organizational 
set-up, particularly if these new and deli- 
cate tools are mishandled and manipu- 
lated. Like all Statistical techniques, the 
data may be manipulated for pre-planned 
ends. Therefore, management must be 
wise enough to train its key personnel 
in the proper interpretation of statistical 
data. As Hugo A. Weissbradt said, “Don’t 
let the statistician run your show.”’ For 
example many offices now show a Control 
Chart of actual expenditures, with toler- 
ance limits being the budgeted amounts. 
But the chart not valid unless the 
process is “in control” to start with. A 
lot of ground work must be done before 
achart is drawn. This is not the province 
of the Statistical Quality Control Special- 
Ist. 

The Specialist, of course, has a well- 
earned place in the Quality scheme. For 
example, a potent source of inspection 
rejections is the lack of proper coordina- 
tion between prime and sub-contractor. 
Usually, the prime contractor’s engineers 
design the final assembly and then farm 
out the sub-assemblies and components. 
Their engineers are not trained or even 
aware of the manifold special require- 
ments of the sub-contractor. They specify 
machine tolerances for spun metal work. 
They require precisions instrument ac- 
curacy for glass bottles. They over-design 
and under-simplify. Thus they limit both 
their sources and their own production. 

Only a little effort would be required to 
call in the sub-contractor, a painting spe- 
cialist, a production man, a metallurgist, 
and integrate the diverse viewpoints of 
these specialists. They could design as 
simple and practical a part as American 
ingenuity could devise. Months of delay 
could be avoided in this way. Inspection 
controls could on the widest 
tolerances and specifications that were 
practical. In this approach the design 
engineer is a manager, using the Special- 
ist’s knowledge to good advantage. He 
should not consider it a sign of weakness 
to display lack of knowledge in special- 
ized fields. What top executive really be- 
lieves he knows all? 


CONCLUSIONS 
A true understanding of good inspec- 
tion practice lies in a re-examination of 


IS 


be based 


SA.MLA. Prod. Ser. No. 181, 


I “Quality Control in 
Action,” 1949, page 8. 
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the meaning of AOQL (average outgoi 


ng 


quality level) and of the difference be- 


tween a major and a minor defect. 


I 


agree that every factory should strive for 


commercial perfection. Practically, it 


is 


wasteful and stupid to provide better 
quality than that called for by the cus- 
tomer. If he will accept 3 percent bad 
work, set that sight. If he demands 100 
percent good work, he is asking for the 


impossible. Tell him so. 
There are degrees of good or bad. 


If 


a part has a scratch on it but serves 


no aesthetic purpose it should not be 

jected. The concept of quality being 
good as is necessary for use and not b 
ter is recognized by most industrial en 
neers. In practice they give it lip serv 


re- 

as 
et- 
gi- 
ice 


only. Too often the limitations of efficient 
commercial practice have been ignored. 
“Application of Conventional plans to a 


large variety of short runs creates 
volume of records out of proportion 


a 
to 


the economic gain these plans can give.’’® 
Mass production itself is feasible only 
under rather rigid control of quality. But 


to expect perfection in minor matters 


is 


to go beyond the limit of the practical. 


As long ago as Feb. 27, 1948, the Mu 
tions Board issued to the 
Board Material 


ni- 


Munitions 
Inspection Committee 


Directive No. 1—Subject: Development 
of Uniform Material Inspection Stand- 


ards. In this directive, 


among other 


things, the Committee was to help estab- 


lish the most effective 


and economical 


basis for the performance of inspection 
functions. Here was implicit recognition 


that the problem existed. Since then 


it 


has grown knottier. MIL Standard 105 
poses vast problems for the small and 
medium sized manufacturers. As defense 


components increase in complexity, 


it 


seems to me that we must end up with 
automatic machine sampling inspection 


or with chaos. 


It would be a great pity if the Statisti- 
cal Technique is circumscribed or aban- 


doned because of current excesses. 


Its 


contributions have been many. They are 


but few compared with its possibiliti 
Let’s not undermine the structure 
causing waste and delay in the name 


es. 
by 
of 


quality. We should move confidently for- 


ward to make full 


use of Statistical 


Quality Control as one factor in a well- 


integrated management structure. 


% J. R. Crawford, “The Iron Age” Discovery Sam- 


pling Cuts Costs in 
1953, page 114-117. 


Quality Control, 


Jan. 29,! 


“Industrial Management in Transitio 
Revised Edition, 


n,” 


by George Filipetti, Homewood, Illinois, 


Richard D. Irwin, Inc., 
Homewood, Illinois, 1953, 344 pages, $6 


To those who want a comprehens 


.65 


ive 


one-volume history of the scientific man- 


book 
outlines 


agement 
highly 


Filipetti’s 
He 


movement, 
recommended. 


is 


the 


major contributions of the pioneers, Tay- 
lor, Gantt, Gilbreth and others to the 
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OPERATIONS RESEARCH 


(Continued from Page 13) 


Factory Maintenance and Management, 
October 1953. (Reprints from Mr. Melden, 
330 W. 42nd St., N .Y. C.) 


(easy) 


Johnson, Ellis A., The Application of Opera- 
tions Research to Industry, Operations Re- 
search Office, Johns Hopkins University, 
Chevy Chase, Maryland. (Available to this 
date by request from the ORO at the ad- 
dress above. This is perhaps the best single 
reference of interest to those in industry.) 


Herrmann, C. C., and Magee, J. F., ““Opera- 
tions Research for Management,” Harvard 
Business Review, July-August, 1953. (Re- 
prints available by request to the HBR, 
Soldiers Field, Boston 63, Massachusetts. ) 


Case Institute, ‘‘Proceedings of the First 
Seminar in Operations Research, Nov. 8- 
10, 1951,”" $5; and “Proceedings of the Con- 
ference on Operations Research in Market- 
ing, Jan. 29-31, 1953,"" $4. (Available from 
Case, these notes describe the nature and 
administration of OR, prediction and pro- 
gramming, etc.) 


3. (harder, but worthwhile) 


M.1.T., “Short Course in Operations Re- 
search, Notes,” (Summer, 1953), Technology 
Press. (Available from the Technology Store, 
70 Massachusetts Ave., Cambridge 39, Mas- 
sachusetts, about $3.50.) 


4. (journals) 


Journal of the Operations Research Society 
of America, published quarterly by the so- 
ciety. (Associate membership $10, Student 
membership $3/yr., includes subscription to 
the journal. Write Mr. John B. Lathrop, 
Secretary ORSA, 30 Memorial Drive, Cam- 
bridge, Massachusetts.) 


Operational Research Quarterly, journal of 
the operational research club, London. 
(Available through Dr. P. B. Meyers, Bell 
Telephone Labs, Murray Hill, N. J., $1.40 
yr. surface mail.) 


( Bibliographies ) 


Batchelor, James H., ““Operations Research 

Preliminary Annotated Bibliography,”’ 
Case Institute, 1952, $1. (Available from 
Case.) 


Riley, Vera, “‘An Annotated Bibliography on 
Operations Research,’’ Operations Research 
Office, Johns Hopkins University, Chevy 
Chase, Maryland. (Available upon request to 
this date.) 


6. (on the philosophy of OR) 


Churchman, C. W. and Ackoff, R. L., 
“Methods of Inquiry,’’ Educational Publish- 
ers, St. Louis, 1950. (On scientific method.) 


Weiner, Norbert, “‘Cybernetics: or, control 
and communication in the animal and the 
machine,” Wiley, 1954. (The interrelated 
nature of sciences, the function of com- 
munication in science.) 


Hertz, D. B., ““The Theory and Practice of 
Industrial Research,’”’ McGraw-Hill, 1950. 
(How to operate research groups in in- 
dustry to produce creative problem solu- 
tions.) 


Cannon, W. B., “The Way of an Investi- 
gator,”’ Norton, 1945, (Some personal ex- 
periences of Dr. Cannon in his medical in- 
vestigations . which eventually led to 
the development of Cybernetics. ) 


McDonald, J., “Strategy in Poker, Business 
and War,” Norton, 1947 (7%). (A series of 
reprints from Fortune describing modern 
theories of games and value.) 


SCIENTIFIC AMERICAN, Automation Is- 
sue, Sept.,.1952. (Summary articles on in- 
formation theory, automation, cybernetics, 
etc.) 


profession which has since become in- 
dustrial engineering. In his eminently 
readable style, the author covers later 
developments in scientific management 
which have influenced management, labor 
and industry both here and abroad. The 
revised edition provides coverage of 
events since the publication of the first 
edition in 1946. 
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The Role Plant Layout and 


Assistant Professor of Industrial Engineering, Ohio State 


The terms Plant Layout and Plant De- 
sign are often interchangeably. 
Plant Design is used here in the broad 
sense to mean the overall design of the 
industrial enterprise, encompassing the 
long and short term planning of top 
management. This includes the design 
of the organization structure, the finan- 
cial structure, the manufacturing facili- 
ties, the sales and distribution program 
and the anticipated growth pattern. 
Plant Layout, however, is restricted to 
mean only the selection and arrange- 
ment of physical facilities so as to ac- 
complish as efficiently as possible the 
objectives of Plant Design. 

With this interpretation of terminol- 
ogy, what then are the 
Plant Design? Are these objectives mul- 
tiple? Are they mutually exclusive? 
Are they compatible? 


used 


The following is a listing of some of 


the major objectives of Plant Design: 


1. To 


successfully establish a going organism 
for the production, distribution and sale of 
some useful product or service. 

2. To perpetuate this organism on a_ sound 
basis so as to offer continuing service to 
present and future consumers of its product 
or service. 

To conduct all overations at as high an 
efficiency as possible. 

1. To provide desirable employment to its em- 
ployees. 


5. To offer a satisfactory 
6. To be an asset to its 
cally and nationally. 


return to its owners. 
community both lo- 
These objectives are important in vary- 
ing degrees to the owners and employees 
of the concern, to the consumers of its 
goods or services and to the government. 
It is obvious that these objectives are 
multiple, that they are not all mutually 
exclusive and that there is some incom- 
patibility. 

Let us now re-examine each of these 
major objectives in terms of their sub- 
objectives and inquire into the relation- 
ship of the Plant Layout function to 
these Plant Design objectives. The first 
objective, “To successfully establish a 
going organism for the production, dis- 
tribution and sale of some useful product 
or service,” depends a great deal upon 
pre-planning and forecasting procedures. 
The product will have to be designed and 
market research initiated. The financial 
and organizational structure, the quality, 
pricing, procurement, sales, service and 
distribution policies will have to be de- 
termined. Also required is the initial fi- 
nancing, the rental or construction of 
suitable physical plant for housing the 
production and service facilities, the hir- 
ing of personnel, the attainment of initial 
inventory and the installation of ma- 
chinery and equipment. 

The Plant Layout, then, must be com- 
pleted before Plant Design 
number one can be met. 


objective 
The layout, in 
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objectives of 


By Dr. Eugene Richman 


order to be effective, must take into 
account many of the top management 
plans and policies. Certainly, this points 
out the need for close contact between 
the individual charged with the respon- 
sibility of Plant Layout and top man- 
agement. 

The second Plant Design objective, “To 
perpetuate the organism on a sound ba- 
is one which emphasizes the dyna- 
mism of Plant Design. To be a hardy 


SIS, 


organism, the enterprise must be one 
which can withstand difficult times. It 
must be able to survive in times of 


lowered production. It must be able to 
meet or be adapted for expanded pro- 
duction. It must be able to manufacture 


a product which may periodically call 
for drastic design changes, or it may 
have to produce a different line alto- 


gether either due to a change in con- 
sumer demand or to meet a military re- 
quirement. This objective poses one of 
the most difficult of Plant Design prob- 
lems. That problem is to meet today’s 
needs and still be able to change with 
changing times. Although there is con- 
siderable difference from one industry to 
another, the best way to meet today’s 
needs is often by rigid design, leaning 
towards line production techniques, spe- 
cialized equipment, and low skilled work- 
ers. The best way to be adaptive, how- 
ever, might be through the design of a 
more departmentalized plant, with a high 
degree of flexibility, general purpose 
machines and highly skilled workers. 
This fundamental requirement of per- 
petuity of the enterprise thus consti- 
tutes in itself a conflict. The answer is 
compromise, but, compromise to what 
extent? Certainly, the greater the pre- 
dictive ability of the industry to fore- 
cast future conditions, the easier it will 
be for the Plant Layout department 'to 
arrive at the most suitable compromise; 
one that will minimize the costs over the 
years rather than a layout which makes 
for lowered few years and 
increased later on or vice versa. 
In fact, a sub-objective might be to ar- 
rive at a cost policy in terms of time. 
Again, the ability of the Plant Layout 


costs .for a 


costs 


department to meet the needs of the 
second design objective will depend 
greatly upon the extent to which the 


Layout department is informed about 
these objectives. 

Not only is the initial layout of 
portant is the in-built capacity of 
two, but also, perhaps even 
portant, is the inbuilt 
layout department 
tion. A good 


modification 


im- 
the 
more im- 
capacity of the 
for layout modifica- 
initial layout may make 
but it can never be 
expected to make it unnecessary. Thus, 
the need for a continuing liaison between 
top management and Plant Layout. 
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The third Plant Design objective, “4 
conduct all operations at as high an 
ficiency as possible,” to a certai: oytey| if it 
is implied in the second objective. Aoy! ficient 
ever, there is a significant reason {,, prope! 
stating this as a separate objective, Ty, if it | 


second objective implies making the moeg ernme 
efficient layout, while the third objectiy§ taxat! 
is to utilize as efficiently as possjh{ tribut 


whichever layout that is chosen and 4} but it 
do so on a continuing basis as the iy gree t 
out is modiified. While it is not th} object 
function of the layout department to » The 


that the human and mechanical ry i its 


of production are utilized fully, it tional! 
necessary for the layout people to kno from 
what full capacity is, what the ver. | sibilit 
centage of utilization probability is likely} prise. 
to be for workers and machines, for de. actual 


partments and for the plant itself, Thi! this | 


knowledge, which so often is lacking, js but 0 
fundamental to proper layout planning, "ly | 
and modification. This design objectiy} oth 
is especially important to the Layoy é 
Department. It indicates how great gy, when 
interdependence there should be betweer} 
the Layout personnel and other Indy enef 
trial Engineering areas. ample 

“To provide desirable employment ti} @%€S 
its employees”; this objective is on| rofit 
which has been getting a great deal of} 4 © 


recognition of late. It is becoming a 
accepted management responsibility + 
make the place of work not just cop. 
ducive to worker acceptance, but to pro-| 
vide worker satisfaction, to give 
worker a feeling of pride in associati 
and a feeling of belonging. The layout 
department which must plan the physi 
cal surroundings of the workers muy 
have the most up-to-date knowledge 
the workers’ physiological, psychologica 
and sociological requirements. They must 
know such things as what colors wi 
help provide a maximum stimulus fa 
work, a pleasing atmosphere, and maxi 
mum safety. They must provide ade-| 
quate employee services, such as cafe.| 
terias, first aid stations and recreationa 
facilities. They must be able to provid 
a safe, comfortable and pleasing enviro! 
ment for the worker. This objective oi 
employee satisfaction is an end in 
self, but it also benefits others. Effi 
ciency increases with morale. Costs g 
down and quality goes up with increase 
efficiency. The consumers ant) 
the government all stand to benefit from 
the successful attainment of Plant De 
sign objective number four. 

Plant Design objective five, “To offe 
a satisfactory return to its owners,” is 
a most important objective. For one 
financing of an enterprise, a large por} 
tion of its capital must come from the’ 
stockholders. This cannot be done in & 
free enterprise system without a su 
able return for the investors. The e 
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tent to which this can be done depends 
on how well all of the other objectives 
gre met. A company will be in a better 
position to offer a satisfactory return 
1) its investors if the enterprise was 
al conceived to begin with; if it had 
, sound financial basis; if it offered a 
jesirable product or service; if it was 
organized in such a manner as to adapt 
to changing external or internal factors; 
if it is continuously operated in an ef- 
ficient manner; if its employees are 
properly motivated and compensated; and 
if it is not overly burdened with gov- 
ernment restrictions, regulations and 
taxations. Plant layout does not con- 
tribute directly to this design objective, 
hut it has a definite effect to the de- 
gree that it is concerned with the other 
objectives. 

The final objective, “To be an asset 
to its community both locally and na- 
tionally,” is one which clearly stems 
from the mutual privileges and respon- 


? sbilities that accrue to both the enter- 


prise and the community due to the very 
actuality of their coexistence. Again, 
this is a vital Plant Design objective 
but one which Plant Layout can serve 
only indirectly through its contributions 
to other design objectives. Both the lo- 
cal and national community benefits 
when a worthwhile product or service 
is made available to it. The community 
enefits when its members are gainfully 
employed. The community benefits when 
taxes can be levied on a company’s 
rofits. The community benefits when 
a company’s products can be made 


available for national defense purposes. 

The degree to which the community, 
the owners, the consumers and the em- 
ployees benefit from the profitable oper- 
ation of a company is an important and 
controversial matter. It is one which is 
of great interest and concern to those 
who undertake Plant Design. However, 
this question is not within the realm of 
this report. Good Plant Layout can con- 
tribute to a greater reservoir of both 
monetary and non-financial reward for 
the benefit of all who are to share in 
the fruits of an industrial enterprise. 

In summary, the four basic ways in 
which the Plant Layout department can 
best serve to help accomplish the ob- 
jectives of Plant Design seem to be as 
follows: 


1. To be well grounded in the fundamentals 
of Plant Layout and to keep up to date on 
sources of information and on layout tech- 
niques, Adequate information should be 
maintained about men and machinery space 
allocations for production and office facili- 
ties, about machinery and equipment func- 
tions, times and limitations, about building 
structural requirements, about power and 
maintenance requirements and about service 
requirements such as cafeterias, first aid 
centers, recreation areas, comfort provisions 
and the like. 

2. The layout department should strive to main- 

tain close ties with top management, to 
facilitate communications with top manage- 
ment and to keep layout objectives current 
with Plant Design objectives. 
The layout department should strive’ to 
maintain close ties with related industrial 
engineering departments and to facilitate 
communications and coordinated activities 
with such departments as Methods and 
Standards, Production and Tool Engineer- 
ing, Production, Cost and Quality Control, 
Industrial Relations, Market Research and 
Sales Engineering. 

1. Plant Layout should strive to engage in or 
cooperate with research efforts aimed at 


getting a more fundamental knowledge about 
working with men, money, materials and 
machines, There is a need for greater tie- 
ins with psychologists and sociologists. 
There is a need for greater predictive 
ability about markets, production require- 
ments and labor and machine capacities. 


In these ways the plant layout de- 
partment can serve to fulfill its role in 
the industrial enterprise. 
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